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I.  INTRODUCTION 

1.1 Background. 

Although having much wider application, the primary use of 
network analysis has been in the planning and control of R&D projects. 
The use of network analysis techniques for this purpose had its origin 
with PERT (Program Evaluation and Review Technique) in 1958 in the 
Polaris Program. Since that time, PERT and many other network analysis 
techniques have gained wide acceptance both in the Department of 
Defense and in private industry. 

In the last two years, two network analyzer programs, 
MATHNET* and RISCA**, have gained acceptance within AMC. Under PROMAP 
70 the responsibility for instruction in risk analysis was assigned 
to the Army Logistics Management Center (ALMC) at Fort Lee, Virginia. 
In order to expedite the program, a contract was let to MATHEMATICA 
by the Army Research Office to develop this course of instruction. 
MATHNET, developed by MATHEMATICA as a teaching aid for this course 
was modified by ALMC. They call their version of the program RISCA. 

The version of MATHNET currently being used at this agency 
is not identical to that developed by Mathematica. The original 
Mathematica program contained several logic inconsistencies with 
respect to the time and cost values generated in various types of 
nodes. These logic errors,   corrected by analysts at Picatinny Arsenal, 
are not in the version of MATHNET discussed in this manual. The RISCA 
version discussed herein is also free of these logic inconsistencies. 

Even though the two programs are accepted and the results 
used, there does not exist an adequately documented users' manual 
^hich compares both programs at this time. Recognizing the utility 
of network analysis techniques in the Materiel Acquisition Decision 
Making Process and the need for such a manual both within AMSAA and 
AMC, a project was initiated to prepare this users' manual. 

1.2 Organization of the Report. 

The remainder of the first section is devoted to defining 
the various characteristics of a network and the types of networks 
that can be modeled using RISCA and MATHNET.  In Section 2, the 
various capabilities of the two network analyzer programs are described 
In Section 3, a description of the construction of a network and the 
method for inputting data to the program is provided. The output of 

If  
MathematicaI Network Analyzer. 

** 
Risk Information System and Cost Analysis, 



both programs is described in Section 4.  In the last section of the 
manual, the program capabilities are compared and contrasted and a 
recommendation is made concerning which program to use. 

1.3 Network Concepts. 

Before the two network analyzer programs are described and 
compared, the more basic concepts of a graph, a node, an arc, a network 
and a path must be defined. 

Figure I.I is an example of a graph. The circles represent 
nodes, and the lines joining the nodes are called arcs. Hence, a 
graph is a collection of two or more nodes joined by arcs. Any arc 
can be characterized by the pair of nodes that it connects. For 
example (1,2) characterizes the arc connecting nodes I and 2 in 
Figure I.I. 

The only difference between a graph and a network is that 
the arcs have some type of flow in them (see Figure 1.2). One example 
of a system that can be represented by a network is a development 
test-program. The nodes* in a development test-program represent the 
initiation or completion of various tests, the arcs** represent the 
actual tests being conducted and the flow in the arcs is time and/or 
cost involved in testing. 

Finally, a path is defined as a sequence of arcs connecting 
two nodes.  For example, the following sequence of arcs form paths 
between nodes I and 4 in Figure 1.2: 

PATH (M) (1,2), (2,4);  PATH (0) (1,4) 
PATH (N) (1,3), (3,4) 

1.4 Types of Network Representations. 

Given the preceding concepts, it is now possible to describe 
the different types of network representations and network analysis 
techniques for analyzing them. The differences in the networks result 
from assumptions made concerning the events and the flows in the 
activities being modeled in the project. As mentioned previously, the 
arcs represent activites, the nodes represent events, and the flow in 
the arcs usually represents time and/or cost. 

* 
Nodes generally refer to events. 

## 
Arcs generally refer to activities or jobs, 
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Figure 1.1   Example of a   Graph 

Figure 1.2  Example of a   Network. 



Three types of network models will be discussed. They are: 

a. Deterministic event and activity time/cost network 

b. Deterministic event and probabilistic activity 
time/cost network 

c. Probabilistic event and activity time/cost network 

It should be pointed out that this discussion will be very general and 
only the major attributes and assumptions about the networks being 
modeled will be discussed. 

The differences in the types of network representations are 
most easily described by analyzing one example under the varying 
assumptions made concerning the events and flows in the activities. 
Changing the oil in a car is the example that will be used throughout 
this discussion. 

The first type of possible network representation for describ- 
ing the events and activities involved in changing the oil in a car is 
illustrated in Figure 1.3. Here there are five milestone events in 
changing the oil in a car. For this network representation, as well 
as all others, it is assumed that the events must be completed in a 
particular sequence In order to complete the project. Further, it is 
assumed that all events must be completed and the completion times are 
known with certainty (i.e., the events and completion times are assumed 
to be deterministic). For most programs, these last two assumptions 
are not thought to be very realistic. For rarely are the events and/or 
activity times known with certainty. Even though the first type of 
network representation is not realistic for R&D projects, it is real- 
istic in the construction industry where tasks for a project are known 
with certainty. Further, these tasks are repetitive so the assumption 
of deterministic activity times is more realistic. The Critical Path 
Methodology (CPM) is the name given to the network analysis technique 
developed by DuPont in 1958 to handle deterministic event and activity 
time networks (Type I). This technique was initially used to find an 
efficient method for planning the construction of a new facility. 

In the second network type, the assumption of deterministic 
activity times is replaced by the assumption of probabilistic activity 
times. This means that the activity times are not known with cer- 
tainty (i.e., there exists some distribution of activity times).  For 
instance, the activity time for BC in the changing the oil example 
could vary due to random interruptions such as having to pump gas for 
cars as they arrive at the station. For instance, the most likely 
time for completing this activity might be ten minutes and the best 
and worst times might be five and twenty minutes respectively. 
Therefore, if this activity time is assumed to be distributed as a 
triangular distribution, with a minimum, most likely and maximum 
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activity times being 5, 10, and 20 minutes respectively, then 
Figure 1.4 represents the distribution of this activity time. The 
network analysis technique developed to analyze this type of network 
representation is PERT (Program Evaluation and Review Technique) which 
was developed in 1958 for planning and controlling the development of 
the Polaris missile.  Even though PERT is more realistic than the CPM, 
it still is deficient for modeling many R&D projects since the events 
are assumed to be deterministic. 

In the third network type, all events and activities are 
modeled probabilistically. This type is the most realistic for 
modeling R&D programs. To illustrate this network type, assume that 
it may not always be possible, for example, to replace the oil filter 
because the type of filter required may not be in stock. Assume that 
there is a .98 probability that It is in stock and a .02 probability 
that the filter is not in stock. The probabilistic nature of this 
network type is illustrated in Figure 1.5.  In addition, when each 
of the activity times is modeled probabilistically, this network type 
is beyond the scope of PERT and CPM and due to the additional complex- 
ity introduced by probabilistic events, the development of RISCA and 
MATHNET was prompted. 

It should be noted that both MATHNET and RISCA also allow 
one to analyze the first two network types. 

2.  RISCA AND MATHNET CHARACTERISTICS AND CAPABILITIES 

RISCA and MATHNET are computer programs that allow one to 
analyze systems that can be represented by a general class of networks. 
Since the events and activity times and/or costs can be modeled 
probabilistically, a simulation process is utilized. The output 
consists of a frequency of occurrence distribution for each of all 
possible terminal events and corresponding time and/or cost distribution 
for each terminal event.  In addition, the distribution of time and/or 
cost weighted over all possible terminal events is estimated. 

Many of the benefits derived from analyzing a network result 
from the analysis and thinking that is required in the construction 
of the network. Consider, for example, the development of a tank 
where there are several alternative designs.  Describing the sequence 
of events for alternate development programs for each design provides 
insight into the types of problems that one is likely to encounter in 
each program. 

The oil changing example (Figure 1.5) from the introduction 
is utilized to demonstrate the characteristics and capabilities of 
MATHNET and RISCA. 
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Since in this example the event, "removing the oil filter," 
is the only uncertain event, the probabilistic event network can be 
described in terms of two deterministic-event sub-networks. One 
sub-network represents the events and activities involved in changing 
the oil and the oil filter and the other represents the events and 
activities involved in changing only the oil.  In this simple example 
there is only one path in each sub-network; however, in more realistic 
problems there will almost certainly be several possible paths in a 
sub-network. 

Monte Carlo procedures are used to determine which determin- 
istic event sub-network will be followed in the probabilistic 
event network.  Each of the sub-networks have a terminal 
event whose completion time is determined by Monte Carloing all the 
activity completion time distributions within the sub-network.  All 
of the potential paths in the sub-network are then investigated using 
these sample activity times.  If the sub-network chosen in the oil 
changing example involves removal of the oil filter, then the activity 
time distributions in this sub-network would be randomly sampled. 
These sample values would then be summed to estimate the sub-network 
completion time.  In addition, the cost of all activities in the 
sub-network would be sampled and summed to estimate completion costs. 
However, in this example costs were not considered. 

The preceding procedure is repeated many times, and the 
sampling distributions of terminal events and time and/or cost are 
constructed.  It should be pointed out that in reality the determinis- 
tic event sub-network is chosen and the corresponding time and cost 
estimates for each activity on this network are accumulated as the 
network is simulated. 

For this example, assume that 300 iterations have been run. 
Both RISCA and MATHNET would provide the frequency histograms of the 
percentage of times each terminal event was selected as shown in 
Figure 2.1 and the completion time distributions shown in Figures 2.2, 
2.3, and 2.4.  In addition, RISCA would provide a cumulative distribu- 
tion of time for each completion time distribution in Figures 2.2, 2.3, 
and 2.4.  Further discussion, interpretation and comparison of the two 
programs' output are deferred to the Output Section. 

If cost is considered, there are two options available: 
(I) the cost can be estimated independent of time by running a separate 
simulation or (2) the cost can be estimated as a linear function of 
time in the same simulation, i.e., cost = (fixed cost)+(variable cost)x 
(time). 

In addition to the insight derived in structuring and simulat- 
ing the network, this type of analysis can provide a framework for 
evaluating and consolidating relevant information for decision making 
purposes.  If one is trying to select an alternative system, this type 
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of analysis can provide a framework for evaluating and consolidating 
relevant information for decision making purposes.  If one is trying 
to select an alternative system, this type of analysis can provide a 
reasonable framework for comparing time and cost trade-offs in light 
of possible terminal events for each possible alternative. Consider, 
for example, the development of a tank where there are alternate designs, 
These alternate designs could be compared on the chances of program 
failure (i.e., having to cancel the development) and the chances of 
developing the tank for a fixed number of dollars in a fixed period 
of time.  In addition, if the chances of failure are  great with a 
preferred alternative, then this analysis might serve as the basis for 
restructuring the development program to allow for parallel develop- 
ment of two designs thereby increasing the chances of successful 
development. 

In addition, this type of analysis could provide a framework 
for examining the progress in a program and provide inputs to determine 
whether or not to continue the program or to assess the impact of 
program changes. Once the network has been constructed, it is a rel- 
atively simple matter to modify the basic structure or update the data. 
Therefore, this technique could provide an up-to-date statement of the 
chances of meeting program time and cost objectives. 

Using these programs is no substitute for analysis. Major 
effort still must be applied in trying to realistically model the 
system as a network. These programs are only tools.  If a conscien- 
tious job of modeling the system has been accomplished, then the output 
of these programs is useful for both planning and decision making. 
The uses of the output in a decision making context will be discussed 
in more detail in the Output Section. 

3.  RISCA AND MATHNET PROGRAM INPUT 

3.I  Introduction. 

This section describes how the elements of a network are 
coded and inputted into RISCA and MATHNET. 

Included is a description of the arc and node notation, the 
program input formats, an example problem and a comparison of the two 
input decks used in the example. 

It is important to note that all of the arc and node notation 
and the input formats described herein are the same for both RISCA and 
MATHNET.  MATHNET, for time sharing mode, contains several additional 
control cards. The nature of these cards and their use will be fully 
explained when the input decks for the example are compared. 

20 



3.2 Arc and Node Notation. 

As explained in the introduction, the two classes of symbols 
used in describing a network are arcs and nodes. An arc is used to 
connect two nodes and represents an activity. A node is used to 
represent a decision or the initiation or termination of an activity. 

Each arc Inputted to the RISCA* network analyzer program is 
characterized by: 

a. An arc name 

b. The name of the initial node 

c. The name of the terminal node 

d. A distribution of completion times 

e. A distribution of activity costs (as a linear function 
of time) 

f. The probability of successful completion 

The following time distribution types are available: 

a. Normal 

b. Triangular 

c. Uniform 

d. Constant 

Arcs may exist in one of the following states: 

a. Idle - the activity associated with the arc has not 
been initiated 

b. Initiated - the activity associated with the arc has 
been initiated, but its outcome has not been determined 

c. Completed - the activity associated with the arc has 
been successfully completed 

d. Unsuccessful - the activity associated with the arc has 
been initiated but not successfully completed 

This also applies to MATHNET 
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e. Utilized - the node which terminates the arc has 
been satisfied. 

The conditions which determine in which of the above states 
an arc will be are discussed following a description of the node types. 

Nodes represent major events or decisions. Each node inputted 
to the program is characterized by: 

a. a node name 

b. an input rule 

c. an output ruIe 

In addition, time and/or cost values are also assigned to 
the nodes. However, these values vary (except for constant distribu- 
tions) with each iteration. The time and/or cost values assigned to 
the nodes are those derived from the arcs entering them.  In the cases 
where more than one arc enters a node, the exact values assigned to 
the node are dependent upon that node's input rule. These rules are 
described in detail in this section. 

In order for an activity to be completed, it must satisfy 
the conditions of the node that it enters. For example, assume that 
an activity is "developing a model" and the terminating event is 
"completion of the model".  If the model is completed, the arc is 
said to be successfuI and the node "satisfied". 

The rules which determine whether or not the nodes of the 
network are satisfied are the input rules. They are: 

a. And Input - AM input arcs must be successfully completed. 
The time value assigned to the node is the maximum of all input arcs. 
The cost value is the sum of the costs generated by each input arc. 

b. 0r_ Input - At least one input arc must be successfully 
completed. The time value assigned is the minimum of all input arcs 
successfully completed. The cost value is the sum of the costs 
generated by each input arc based upon the smallest time value. 

When an activity has satisfied the input rule of a node, the 
nature of its exit from the node is dependent upon the node output 
rules. There are two such rules: 

a. All - all output arcs are initiated simultaneously. 

b. Probabilistic - Associated with each output arc is a 
probability. The sum of the probabilities exiting one node must equal 
one. 

22 



One important point should be stressed at this time. The 
probabilities assigned by the analyst to each arc emanating from a 
node are done so on node data cards. This probability that an arc 
will be initiated is not to be confused with the probability that an arc 
will be successfully completed. This latter information is entered on 
an arc data card. 

There are five special nodes which do not conform to the 
input and output rules outlined above. They are: 

a. Initial Node - used to initiate the simulation.  It 
possesses no input arcs 

b. Terminal Node - used to terminate simulation.  It 
possesses no output arcs 

c. I/I (one-to-one bar) Node - This node possesses N input 
arcs and N+l output arcs. Associated with each input arc is a unique 
output arc. The extra output arc is a default arc. The time value 
assigned to this node is the maximum of the successfully completed 
input arcs. The cost is the sum of the cost values for each of the 
input arcs which are completed successfully. This time and cost 
assignment is true for the remaining node types in this discussion. 
This node is satisfied in one of two ways: 

(1) by having one successful input arc (all input arcs 
must be initiated) which will result in one output arc being initiated 

(2) by initiation of the default arc. This is done when 
a II of the input arcs have been initiated but none successfully 
compIeted. 

The one-to-one bar node is used to simulate the time, cost 
and probability of completion for competing activities.  For example, 
if two contractors submit the time, costs and probabilities associated 
with producing a certain prototype, this data can be applied to two 
arcs entering a I/I Node. By examining the corresponding output arcs 
and the default arc, the developer can gain valuable insight from 
success and failure probabilities, as well as the time and cost 
involved with each alternative. 

d. I/I (one-to-one) Node - This node possesses N input arcs, 
Associated with each input arc is a unique output arc. The node will 
be satisfied by one complete input arc. One output arc will be 
initiated, namely the one associated with the input arc satisfying 
the node.  I/I Nodes are used to preserve the time and cost factors 
for two or more activities experiencing a common event ( the event 
being represented by the l/l Node).  For example, suppose two 
contractors are developing blueprints for a house and the cost and 
time for each contractor differs.  If the probability that both will 
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be successfully completed is 1.0, each of these activities (arcs) may 
enter a common node (blueprint completion).  As the arcs exit the node, 
the time and cost of each activity is preserved. 

Unlike the I/I node, there is no default arc to be initiated 
when activities are unsuccessful. Therefore all arcs entering the 
l/l node must have a probability of completion 1.0. A probability of 
less than 1.0 may cause a premature termination of the simulation 
resulting in no output. 

e.  Preferred Node - This node possesses N input arcs and 
N+l output arcs. Associated with each input arc is a unique output 
arc. The extra output arc is a default arc. The preferred node 
differs from a l/l node in that the input/output arc pairs are ordered 
by the users preference. This node is satisfied in two ways: 

(1) If all the input arcs are initiated and at least one 
arc has been successfully completed the output arc associated with 
the most preferred of the complete input arcs will be initiated. 

(2) If all the input arcs are in the unsuccessful state the 
default output is initiated. 

It is important to note that this node will never be satisfied unless 
all input arcs have been initiated and are in either the complete or 
unsuccessful state. 

This node is used to simulate the time, cost and probability 
of completion for competing activities when the activities can be 
listed by order of preference. 

A standard set of symbols is used to identify the various 
node types and input/output rules in a schematic network representa- 
tion.  A listing of these node types and the symbols used to represent 
them is found in Table 3.1. 

3.3  Input Format. 

The format used to enter the arc and node data into the 
RISCA network analyzer program will be discussed. 

The Data deck consists of 3 blocks: 

Block I - Header Card 

Block II - ARC Cards 

Block I I I - Node Cards 
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TABLE 3.1 SYMBOLIC REPRESENTATION OF INPUT/OUTPUT RULES 
AND SPECIAL NODES 

INPUT RULES SYMBOL 

AND 

OR 

NITIAL 

A 
N 
D 

0 
R 

1 
N 

1 
T 

OUTPUT RULES 

ALL 

PROB 

TERMINAL 

A 
L 
L 

P 
R 
0 
B 

I 
R 
M 

SPECIAL NODES 

ONE-TO-ONE 

ONE-TO-ONE  BAR 

PREFERRED 

1/1 

1/1 

PREF 
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A description of each follows: 

Block I: The header card is one card used to describe the 
network being analyzed. All 80 columns may be used. 

Block II: The information required for each arc appears on 
one card which is formatted as follows: 

Info Columns Format 

a. Arc Name 1-4 A4 

b. 1 nput Node 5-8 A4 

c. Output Node 9-12 A4 

d. Distri bution 13 II 

In column 13, only integers I, 2, 3, and 4 may be entered. 

These integers are used to indicate one of four possible distribution 
types: 

Integer Distribution Type 

1 Normal 

2 TrianguIar 

3 Uniform 

4 Constant 

e. First time 
d i stri bution 
argument 14-23 F10.0 

f. Second time 
d istri bution 
argument 24-33 FIO.O 

g. Third time 
di stri bution 
argument 34-43 FIO.O 

When the distribution is normal, the first time distribution 
argument is the mean and the second time distribution argument is the 
standard deviation. The third time distribution argument is left 
bIank. 
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When the distribution is triangular, the first time distribu- 
tion is the most optimistic value, the second time distribution 
argument is the most likely value and the third time distribution 
argument is the most pessimistic value. 

When the distribution is uniform, the first time distribution 
argument is the optimistic value, the second is the pessimistic value 
and the third is blank. 

In a constant distribution, the first time distribution 
argument is the constant value and the second and third arguments are 
blank. 

Fixed cost 44-53 FIO.O 

Variable Cost 54-63 FIO.O 
Coefficient 

Probabi1ity of 64-73 FIO.O 
successful 
completion 

Both the fixed cost and variable cost coefficients are 
components of a linear equation which describes the cost as a function 
of time. This equation is written: 

Cost = fixed cost •'• variable cost coefficient x t 
where t is time in appropriate units. 

The probability of successful completion refers to the 
probability that an activity (arc) will reach its desired end (node). 

The arc cards which comprise Block II may be inputed in any 
order. However, it is desirable to enter the arcs in the order in 
which they appear in the network to avoid confusion. 

The end of Block II is indicated by a card following the 
last arc card in Block II with "RETU" in card columns 1-4. 

Block III: The information required for each node is 
formatted as follows: 

Format 

A4 

II 
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a . Node name 1-4 

b. Input rule 5 



There are 6 possible integers (input rules) which appear 
in column 5: 

Integer Value        Input Rule 

1 And 

2 Or 

4 Initial 

5 l/l 

6 T7T 

7 Preferred 

c. Output rule 6 II 

There are 6 possible integer values which can appear in 
column 6.  Listed below is each integer and the indicated output rule: 

nteger 

1 

Va 1 ue Output Rule 

Al 1 

2 Prob 

4 Termi nal 

5 l/l 

6 l/l Bar 

7 Preferred 

When the node card has an input/output rule l/l, l/l or 
PREF, a second card with the following information is required: 

Info 

a. No. of 1-2 12 
Output Arcs 

b. Input Arc • 3-6, I 1-14, A4 
Names              19-22, etc. 

c. Output Arc 7-10, 15-18, A4 
Names             23-26, etc. 
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Each input arc name and its corresponding output arc name 
will appear as pairs on this card. The first input arc name will 
appear first in columns 3-6 followed by the output arc name it initiates 
(columns 7-10). The second input and output arc pairs will appear in 
columns 11-14 and 15-18 respectively, and soon until all arc pairs 
are Iisted. 

Since the default output arc has no corresponding input arc 
name (T7T and PREF), "ZZZZ" must be entered as the input arc name. 
The above information card must immediately follow the node card it 
describes. 

When the node card has an output rule Prob (2), a second 
card with the following information is required: 

Info Columns     Format 

a. No. of Output 1-2 12 
Arcs 

b. Output Arc 3-6, 13-16,      A4 
Names 23-26, etc. 

c. Probabilities        7-12, 17-22,     F6.3 
associated with      27-32, etc. 

On this card, the name of each output arc and the probability 
of its exiting appear in pairs similar to the input and output arc 
pairs of the previous card.  For example, the name of the first output 
arc will appear in columns 3-6 followed by the probability that it 
will exit in columns 7-12 and so on until all arc name and probability 
pairs have been listed. This card must immediately follow the node 
card it describes. 

The node cards in Block III may be i nputed in any order. 
However, be certain that in the case of l/l, I/I, Preferred and 
Probability nodes that each node card is succeeded by its appropriate 
information card.  Following the last node card in Block III is a 
card with "RETU" in card column 1-4 marking the end of the block. 

In the next section a hypothetical problem will be described, 
structured and inputs prepared as a network for RISCA. 

3.4 Example Problem. 

The use of the program will be illustrated via an example 
problem containing a variety of arc and node types. 
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A worker is confronted with a new tardiness policy 
established by his employer.  It has been decided that an employee 
who is late for work more than 10 percent of the next 500 working days 
will be docked accordingly. The amount that the worker will be docked 
will be the cumulative time lost due to lateness. 

This announcement has prompted the worker to closely examine 
the various routes and hazards facing him each morning in order to 
evaluate his chances of his being docked. 

His analysis of the paths* for driving to work revealed the 
following critical areas: 

a. A fork in the road about 12 minutes from home.  It has 
been his experience that the shortest route is only possible 90 percent 
of the time due to hazardous road conditions.  10 percent of the time 

he must travel a considerably longer route. 

b. Fuel Problems.  The worker is assured of not running out 
of gas if he takes the shorter route.  However, if he takes the longer, 
alternate route, there is an 80 percent chance that he will have to 
make a 5 minute fuel stop. 

c. Rough Road.  Because of the extreme punishment to his 
tires along a stretch of road beyond the service station, the worker 
feels that he has a 5 percent chance of getting a flat tire that would 
take 15 minutes to repair. 

d. Rider Stop.  Beyond the stretch of bumpy road is the home 
of the worker's friend who rides to work with him every day.  Historical 
data reveaIs that: 

(1) If the shortest route is taken, and no fuel stops or 
tire troubles are experienced, his rider will be waiting outside for 
a ride 100 percent of the time. 

(2) If the alternate route is taken, and no fuel stops or 
tire troubles are experienced, his rider will be waiting outside 80 
percent of the time. 

(3) If he takes the alternate route, stop? for gas and has 
no tire trouble, his rider will be waiting for him 60 percent of the 
time. 

x  
Recall that a path is a sequence of activities connecting two events. 
In this instance the events are departing for work and arriving at work. 
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(4)  If he has a flat tire, regardless of previous routes 
or stops, his rider will only be waiting outside 40 percent of the 
time. 

In each case when the rider is not outside waiting, he must 
stop and check to see whether he is inside or has obtained another 
rider. This is a 5 minute stop. 

Figure 3.1 illustrates the alternative routes and hazards. 

In order to determine which node and arc type should be 
used to simulate the route in a network, each critical area should 
be examined. 

a. Fork in the road. This is clearly a probabilistic node. 
The probability that the arc representing the shorter route will emanate 
is .90 and the probability that the arc representing the longer route 
will emanate is .10. 

b. Gas Station. A i/l node wiI I be used to simulate this 
event although a probabilistic node could also be used. The arc enter- 
ing this node represents the longer route path and a probability of 
completion of .8 will be assigned to it.  In the event that the arc is 
not completed, the default arc representing a gas stop will be initiated 

c. Rough Road. Three l/l nodes wiI I be used to represent 
this hazard. Three nodes are used instead of one in order to account 
for this event in each of the three deterministic subnetworks developed 
thus far. Which I/I node is used in each iteration is dependent upon 
which of the following alternatives precedes it: 

(1) Short route, 

(2) Long route, no gas stop, 

(3) Long route, gas stop. 

An arc, representing each of these alternatives, will be 
assigned a probability of completion of .95.  In each case, failure 
to complete the node (get through the bumpy road without a flat) will 
initiate a default arc. All three default arcs will enter the fix 
flat node which will have an OR input rule. 

d. Rider Stop. This event will be represented by three 
l/l nodes and an AND/ALL node. The AND/ALL node represents picking 
up the rider when the short route is taken and there is no tire trouble. 
Recall that in this case, the rider is waiting outside 100 percent of 
the time. 
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In the other three instances, the probability that the rider 
will be waiting is less than 1.0. These probabilities are 

Event ProbabiIity 

(1) Long route, no gas stop, .8 
no tire trouble 

(2) Long route, gas stop, .6 
no tire trouble 

(3) Tire trouble .4 

Separate I/I nodes will be used in each of these instances 
with all three default arcs entering an OR/ALL node representing a 
stop to check on the rider. 

e. Arrive at Work. Five AND/TERM nodes will be used to 
represent the worker's arrival. Their time and probability values 
will represent the time and probability associated with 5 separate 
alternatives which are: 

(1) Short route, no stops, 

(2) long route, no stops, 

(3) Long route, gas stop, 

(4) Stop to fix flat, 

(5) Stop for rider. 

Figure 3.2 illustrates the network representation of "Driving 
to Work" using the RISCA and MATHNET arc and node construction symbols. 

Table 3.2 lists each of the time distribution arguments, the 
events to which they correspond, the distribution arguments, the 
events to which they correspond, the distribution type involved and 
the arc names assigned to each of these time consuming activities. 

Now that the network has been graphically represented, the 
arcs and nodes have been labeled and the time distribution argument 
has been determined, the input deck can be prepared. 

As explained earlier, there are some differences in MATHNET 
and RISCA with respect to input deck content. 

The contents of the RISCA deck are the three blocks outlined 
previously. That is, the first card is BLOCK I consisting of one title 
card describing the network to be analyzed. This is followed by 
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['ABLE 3.2 CHARACTERISTICS OF ARCS USED IN EXAMPLE PROBLEM 

Distribution 
Type 

Arc 
Name 

Time Distribution Arguments 
Activity Optimistic  Expected Pessimistic 

From Home to 
Junction Triangular Arcl 10.0 12.0 14.0 

Junction to 
Gas Station 
(short route) Triangular Arc 2 5.0 6.0 7.0 

Junction to 
Gas Station 
(long route) Triangular Arc 3 11.0 13.0 15.0 

Gas Station 
Stop Constant Arc 8 5.0 

Gas Station 
to Bumpy 
Road Triangular 

Arc6 
Arc7 
Arc9 

3.0 
3.0 
3.0 

4.0 
4.0 
4.0 

5.0 
5.0 
5.0 

Stop to 
Change 
Flat Tire Constant AR15 15.0 

Bumpy Road To 
Rider1s 
House Triangular 

AR10 
AR12 
AR14 
AR16 

4.0 
4.0 
4.0 
4.0 

5.0 
5.0 
5.0 
5.0 

6.0 
6.0 
6.0 
6.0 

Stop to 
Check Rider Constant AR23 5.0 

Rider's House 
To Work Triangular 

AR17 
AR18 
AR20 
AR22 
AR24 

8.0 
8.0 
8.0 
8.0 
8.0 

9.0 
9.0 
9.0 
9.0 
9.0 

10.0 
10.0 
10.0 
10.0 
10.0 
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BLOCK II, the arc cards, the last card being a "RETU" and indicating 
termination of the block. Then comes BLOCK III, the node cards, the 
last card again being a "RETU" card indicating the end of the block. 

The version of RISCA described in this manual is designed 
only to run in a batch mode while MATHNET is designed to run in either 
a batch or time shared mode.  It should be emphasized that adapting 
RISCA for a time sharing environment is not a difficult task. However, 
it would probably not be possible to run these versions of MATHNET and 
RISCA in any batch processing mode without first adapting the program 
to the particular system.  Similarly, it would probably not be possible 
to run this version of MATHNET in any time sharing system without 
adapting it to the system.  Because the MATHNET program can be run 
in either mode, the input deck is designed to give operators workinq 
in time-share the capability of introducing either each section of 
the input deck with a card describing the section or a card describing 
an operation to be performed. When the program reads the introduction 
card, it is directed to that portion of the program which performs 
the indicated operation. 

The first card in the MATHNET input deck is a card with either 
a 0 or a I punched in column I (format II). The 0 card indicates that 
the problem will be run in a time share environment, and a I indicates 
batch mode. 

For the purposes of comparing RISCA and MATHNET inputs in this 
manual, only the input decks for a batch mode environment will be 
utilized (See Figure 3.3). 

The information cards mentioned above are cards with an integer 
punched in column I (format II). The following is a list of each integer 
which may be used, and the information card it indicates: 

Integer Indicates 

1 Node cards foI low 

2 Arc cards follow 

3 Net iteration number is set 

4 Net is scanned 

5 Net is run 

6 Identification card follows 

9 Run is to be completed (Ends Session) 
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Note that the number of iterations is controlled by the operator 
in MATHNET.  In RISCA, the number of iterations is fixed at 500.  It is 
conceivable that only 500 iterations could be restrictive in a network 
having a large number of terminal nodes.  However, as was mentioned above, 
the program can be easily expanded to allow for more iterations. The 
card following the information card with a 3 in column I is a card with 
an integer value in columns 1-5 (format 15) specifying the number of 
iterations (from I to 1000). 

The information cards with integers 4, 5 and 9 punched in 
column I do not introduce input cards, but they indicate to the program 
that one of three operations are to be performed. These operations are: 

a. Scan the net - A scan of the net means that a I I arc and 
node characteristics are printed out in a tabular format (see Section 4). 

b. Run the net - The net simulation is done. 

c. Run is Completed - All output from the simulation is 
printed out. (See Section 4). 

The arc, node and identification cards are formated in the 
same manner as RISCA.  However, the order in which they are inputted 
is not as restrictive as RISCA. The data cards must be entered before 
the operation cards, but the order in which the data cards are  entered 
is not important. The operation cards, however, must be entered as 
follows: 

a. Scan the net 

b. Run the net 

c. Complete the run. 

Figure 3.3 provides a comparison of the RISCA and MATHNET 
input decks used in the example problem. This figure illustrates the 
fact that with the exception of the MATHNET con+rol cards discussed 
above, the two decks are identical. 

Since the RISCA input deck has already been discussed in 
detail, and the fact that its MATHNET counterparts are identical has 
been established, only an explanation of the MATHNET control cards in 
the example problem input deck remains to be covered. 

The first control card indicates that the problem will be 
run in a batch mode environment (I in column I). The second card 
indicates that the problem identification card follows (6 in column I). 
The third control card (3 in column I) indicates that the number of 
iterations follows. The next card sets the number of iterations at 
500.  The following card indicates that the arc cards follow (2 in 
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column I). The next control card appears at the end of the arc card 
block and indicates that the node cards follow (I in column I). 

The last 3 cards in the MATHNET input deck control the 
running of the simulation. The first card initiates the scanning of 
the net (4 in column I). The second card indicates the simulation 
is to be run (5 in column I). The last card indicates that the run 
is to be completed and the results printed out (9 in column I). 

It is important to note that the blanks which appear in the 
listing of the RISCA input deck in figure 3.3 were included for ease 
of comparison only and are not required. 

It was pointed out above that there are certain restrictions 
as to the number of iterations permissable in these versions of MATHNET 
and RISCA.  In addition to these iteration restrictions, there are 
certain other inherent restrictions which deserve mention.  For a 
complete listing, see Table 3.3. These limits may be increased (through 
minor program modifications) to the upper bound of the computer memory 
core. 

4.  RISCA AND MATHNET PROGRAM OUTPUT 

4.1 Introduction. 

In this section, the output from MATHNET and RISCA for the 
going-to-work example will be described and compared.  In addition, 
the potential uses of the output for decision making purposes will be 
discussed both in and out of the context of this example. 

4.2 MATHNET Output. 

The output of any MATHNET run consists of a detailed input 
listing, frequency histograms for completion time and cost for each 
of the terminal nodes, frequency histograms of completion times and 
cost weighted over all terminal nodes, and frequency histograms of the 
percent of time each terminal node was selected in the simulation. 
A complete output listing for MATHNET for the example is provided in 
Appendix IV. 

The first four pages of output consists of a printout of 
the dialogue between the user and the program, and a detailed description 
of the network representation being simulated.  (See the Input Section). 
This dialogue is really only applicable to the terminal user.  It 
provides him with a detailed set of instructions for inputting his network 
representation. This example was run in a batch mode, therefore the 
first data card inputted into the program had to have a I in the first 
column of the first card. On the two pages following the dialogue there 
is a detailed listing of the arc and node input data. This is particularly 
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TABLE 3.3 Restrictions to MATHNET and RISCA 

MATHNET RISCA 

Maximum number of nodes        100 100 

Maximum number of arcs        500 100 

Maximum number of arcs 
into, or out of a single 
node 10 10 

Maximum number of initial 
nodes 10 10 

Maximum number of terminal 
nodes 30 30 

Maximum number of iterations  1000 500 
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useful information for checking the network. The format of the arc and 
node data will not be discussed since this is the same format that was 
discussed in the Input section. 

Next, for each of the terminal nodes (ND 16, 17, ND 18, ND 19, 
ND 20) a frequency histogram* of the completion time is provided.  In 
this example, costs were not considered, but if they were then there 
would be a frequency histogram of cost for each terminal node.  In 
addition, each terminal node represents the event "arriving at work" 
however, in each instance the path (i.e. sequence of events) is 
different. For example, the first histogram is for the completion 
times for ND 16.  ND 16 is the short route to work with no time delay 
associated with hazards, stopping for gas, or picking up a rider. The 
horizontal axis is the frequency of occurrence and the vertical axis 
is time in minutes.** Looking at this graph, the probability of arriv- 
ing at work within 35.6 and 35.9 minutes given this route is taken is 
.087. The interpretation of all the remaining frequency histograms 
is the same with two exceptions. One is that if the terminal cost 
frequency histograms were given then vertical axis would be cost. 
The other is that the final pair of frequency histograms for completion 
times and cost (where considered) is weighted over all possible 
terminal nodes (routes). 

The final graph provided is the frequency plot of the percentage 
of times each terminal node was selected in the simulation. The 
horizontal axis again represents frequency of occurrence and the 
vertical axis lists the possible terminal nodes. Looking at the graph 
in Appendix IV, the probability of arriving at work having taken route 
ND 17 is .046, or ND 17 was chosen in 4.6 percent of the simulations. 

4.3 RISCA Output. 

The output of any RISCA run consists of a detailed input 
listing, frequency and cumulative frequency histograms for completion 
times and cost for each of the terminal nodes, frequency and cumulative 
frequency histograms of completion times and cost weighted over all 
terminal nodes, and a frequency histogram of the percent of times each 
terminal node was selected in the simulation. A complete listing of 
RISCA for this example is provided in Appendix V. 

* 
On each time and cost frequency histogram the following statistics 

are provided: mean, variance, median, and mode. 

## 
The time and cost units are selected by the analyst and depend 

upon the problem. 
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The first page of output consists of a detailed listing of 
the arc and node input data.  This is particularly useful information 
for checking the network. Once again, the format of the arc and node 
data will not be discussed since this is the same format that was 
discussed in the Input Section. 

Next, for each of the terminal nodes (ND 16, ND 17, ND 18, 
ND 19, ND 20) a frequency and cumulative frequency histogram* of the 
completion times and cost is provided.  It is emphasized again that 
costs were not considered.  In addition, each terminal node represents 
the event arriving at work, but in each instance the path (i.e., sequence 
of events) is different.  Since the interpretation of the frequency 
histograms is the same as for MATHNET, only the cumulative frequency 
histograms will be discussed.  For example, the first histogram is for 
the completion times for ND 16.  It is followed by the cumulative 
frequency histograms for completion times for ND 16. The vertical axis 
is time** to completion, and the horizontal axis is the probability 
that the true time is less than or equal to the time on the vertical 
axis.  For instance, the probability of arriving at work in less than 
35.647 minutes given that this path was taken is .401. The interpreta- 
tion of all of the remaining frequency and cumulative frequency histo- 
grams is the same with two exceptions. One is that for cost frequency 
histograms, the vertical axis is cost**. The other is that the final 
pair of frequency and cumulative frequency histograms for completion 
times and cost is weighted over  all possible terminal nodes (routes). 

The final graph provided is the frequency plot of the percent 
of time each terminal node was selected in the simulation.  The 
interpretation of this histogram is identical to the MATHNET interpreta- 
tion of the same histogram. 

4.4 MATHNET and RISCA Output Comparison. 

There are only two differences in the output of these programs. 
One is that RISCA provides cumulative frequency histograms for time and 
cost, for terminal nodes, and MATHNET does not. Clearly, the cumulative 
frequency histogram is required information in most applications as for 
example, in estimating the probability of meeting program time and cost 
goals. Consequently, there is an advantage in using this version of 
RISCA over this version of MATHNET since it eliminates the need for 
manually generating cumulative frequency histograms. 

* 
On each time and cost histogram and following stalistics are provided: 

mean, variance, and standard deviation. 

*# 
The time and cost units are selected by the analyst and depend upon 

the problem. 
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The other difference is in the output statistics computed 
for each time and cost distribution.  In MATHNET, the mean, variance, 
median and mode are computed while in RISCA the mean, variance and 
standard deviation are computed. On first glance it may appear that 
one is given more information with the MATHNET statistics, but this 
is not the case. Since, if one is given the frequency and cumulative 
frequency histogram for any terminal node, determining the mode and 
median is a minor operation. 

4.5 Use of the Output. 

While there are more ways to use the output of a network 
analysis than will be discussed in this section, the two decision 
problems that are discussed probably represent the more popular 
applications. Before describing these problems and how to use the 
output for decision making purposes several general comments should 
be reiterated. 

First, the greatest benefit to be derived in using a 
network analyzer program comes from the effort that is put into 
modeling the project or system as a network. Using this type of 
tool forces one to examine all possible events and the interaction 
of these events in the program.  Further, representing a system as 
a network allows one to handle all of the relevant decision information 
in a systematic and composite fashion and to evaluate the impact of 
interactions that would be otherwise impossible. 

Next, no matter what the decision is, there will always be 
a need for an overall framework for consolidating all the information. 
Network analyzer programs such as MATHNET and RISCA provide such a 
framework. 

Finally, once the network has been structured, future 
modifications to the network are a relatively simple matter.  In many 
instances, this type of analysis should not be a one time effort. The 
network representation and time and cost estimates should be modified 
on a periodic basis because as time passes, more information is gained 
and the initial network may no longer realistically represent the 
system. 

In the remainder of this section, the use of network analysis 
for two general decision problems and the going to work example will 
be discussed. 

The first decision problem either is one where the program* 
status must be evaluated periodically to determine whether or not to 

K  

Program refers to a development program for a system, 
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continue or one where the imoact of a program change must be evaluated. 
The discussion that follows will only be in terms of the decision to 
continue for brevity purposes, although network analysis could be used 
to heip in a program change decision. A good example of a program 
would be a weapon system development. Clearly, the decision to 
continue depends on the chances of successfully developing the system 
within time and budget constraints. 

A network representation for a development program would 
probably consist of two sets of outcomes. One set wouId constitute 
successful development, and the other set would constitu+e failure. 
In this case, the chances of successful development equals the sum 
of the percent of times each successful terminal was selected in the 
simulation.  For any successful outcome the probability of developing 
the system within time and cost constraints may then be evaluated. 
This information is taken directly from the RISCA output (i.e. frequency 
histogram of the percent of times the terminal nodes were selected and 
the appropriate terminal node cumulative time and cost histograms).  In 
addition, without a great deal of effort, the frequency and cumulative 
frequency histograms for time and cost weighted over alI successful 
outcomes are estimated. This is done by either modifying the network 
representation so that all successful terminal events feed into one 
terminal event (successful development), or it may be constructed from 
the detailed frequency histograms of the successful outcomes. 

This type of information should give the decision maker a 
foundation upon which to decide whether to continue with the program 
in light of the risks. Of course this doesn't relieve the burden of 
decision making, but it should enable the decision maker to make a 
more informed decision.  Further, as the program continues, the network 
could be updated periodically to evaluate the program status for any 
future program decisions. 

The other decision problem is one in which a choice between 
alternative systems for meeting a particular set of requirements* must 
be made.  For this type of problem, a network could be structured for 
each alternative.** Each of these networks could then be simulated 
and the chances of successfully developing each alternative system and 
the corresponding development costs and completion times could be 
estimated.  Given this information, the analyst has several relative 
measures for comparing the alternatives, and the decision maker should 

If  
This assumes that "meeting a particular set of reauirements. . ." 

generates equal and required effectiveness. 

** 
It is assumed that a system is to be developed. 
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be able to systematically consider time and cost trade-off s in light of 
the risks. 

Even though these two hypothetical decision problems are 
over-simplified, they are representative of many of the decisions 
that must be made within AMC.  In both of these decision problems 
there is a great need for an overall framework for the evaluation. All 
too frequently this framework seems to be lacking. Network analysis 
provides an overall framework for synthesizing a large portion of the 
decision information in a systematic fashion that takes into account 
the known uncertainties.  It is not meant to imply that the network 
analysis is the answer to all of the decision makers problems, but 
reasonable applications are a step in the right direction. 

Returning now to the going to work example: How can this 
analysis help the worker in achieving his objective? First, it is 
assumed that the objective is not to be docked for tardiness.  Since 
in all instances the worker arrives at work, the distribution of 
interest is the arrival time distribution weighted over all possible 
outcomes. Assuming the workman continues to leave his house at 0705 
every morning and work starts at 0745, the probability of his being 
late is .157 or 1.0 minus the probability of arriving at work in less 
than or equal to 40 minutes (.843) (See the cumulative frequency 
histogram for arrival times weighted over all outcomes in Appendix V.) 

If the probability of being late on any given day that the 
worker departs at 0705 is .157, the risk of being late over 10 percent 
of the next 500 working days is the probability of being late 51 or 
more times.  Let £ be the random variable representing the number of 
late arrivals and p the probability of being late on a given day, then 

P[5I < I <   500] = I       (5?°) pZ(\-p)500~Z 

~  ~      £=51  * 

is the risk of being late in excess of 10 percent of the time. 

If the worker leaves at 0705, the above calculation results 
in a risk of .99(p=.157). 

Using this method it is possible to derive a risk-of-being- 
docked profile for the worker as a function of departure time (See 
Figure 4.1). 

What should the worker do? The answer is not clear cut. 
It depends upon the worker's assessment of the value of additional 
rest versus the potential financial impact of being docked. However, 
given the risk profile, the worker is in a position to consider the 
trade-offs.  For example, if the worker cannot possibly afford to be 
docked, he can select a departure time from the risk profile where the 
risk is approximately zero (i.e., leave at 0654 or earlier). 

45 



O 

o 

o 
o 

_0) 

Q_ 

O     UJ 
O        OL 

O      t- 

< 
Ou 

m 
O 
O 

1/1 

CD 

o 

o 

CM o 

46 



Thus, it is seen in this simple example that, through the 
modeling of a network using RISCA or MATHNET, the analyst gains 
significant insight into the risks inherent in a system composed of 
various a 11jrnatives. This insight into the risks provides the 
information for making decisions concerning which alternative to 
choose, or decisions involving the various cost and/or time parameters 
(in this example departure time is the deciding factor). 

Of course, much more complex systems containing a myriad of 
activities, events and alternatives may be modeled using these modeling 
tools. The scope and complexity of each network is only constrained 
by the number of arcs and nodes that can be inputted. 

5.  SUMMARY 

MATHNET and RISCA are programs for simulating a class of 
networks where both the events and activities can be modeled probabil- 
istically. These programs should provide the analyst with a tool for 
evaluating the status of existing programs, for evaluating the impact 
of proposed program changes on the total program, for deciding whether 
to continue the program, and for deciding between alternative systems. 
These decisions mav not be mutually exclusive. 

Since RISCA is a modification of MATHNET, there are very few 
differences in the input and output of the programs, and there are no 
differences in the method of simulating the networks. As seen in the 
Output Section, the additional features of this version of RISCA's 
output to this version of MATHNET's output are not really significant. 

Throughout this report R&D applications have been emphasized, 
however, these techniques obviously have broader applications. 
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This appendix includes a general processing flow chart for 
MATHNET, but it does not include a description or flow chart of the 
Individual subroutines.  A detailed description and flow chart of the 
individual subroutines are provided In Appendix III.  In addition to 
the flow chart, a complete program listing is provided. This version 
of MATHNET is designed to be run in either a batch or time sharing 
mode. 

MATHNET is written in FORTRAN IV.  Even though FORTRAN IV 
is considered to be standard language, adapting the program for a 
particular computer will probably require minor program modifications. 
These modifications generally result from pecularities of the given 
system. 

There is one definite modification that the user must make 
before MATHNET can be run on his computer. To run the simulation it 
is necessary to generate uniform random numbers.  Within the sub- 
routine RANDU these random numbers are generated by calling the 
library subroutine peculiar to the particular machine,  in this 
listing the library subroutine RANSET is called to generate the 
uniform random numbers. Therefore, the user must either call the 
appropriate uniform random number generator for his machine or the 
analyst must write his own uniform random number generating routine 
within the RANDU subroutine. The latter was done by ALMC in their 
modification of MATHNET. The interested reader is referred to 
Appendix It where the ALMC Program is listed. 
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START 

IXXX = 65539 

CALLRANDU(IXXX, 

IXYY.RVAL) 
IXX=IXYY 

WRITE 
INSTRUCTIONS 
FOR RUNNING 
NET (MATHNET) 

READ 
INDV 

BATCH RUN. 

Flow  Chart of "MATHNET" 

54 



PROGRAM MATHW { INPUTtTAPF5=INPUTtOUTPUT,TAPE6=0UTPUT, 

C 
c 
c 
c 

c 
c 
: 
c 
c 
c 
C 
c 
c 
f 

z 
C 

c 
c 
: 
c 

20 

21 

22 

23 

2* 

30 

31 

«• PUNCH 
******* 
******* 

MATHNET 
RESEARC 
ALTHOUG 
NUMBER 
OF METW 

MAKES NO 
BY A RU 
IT WOUL 
OUTPUT, 
MR. STE 
MATHEMA 
ONE PAL 
PRDCET 

SUGGEST 
CHARACT 

******* 
******* 

MATHNET 

******* 
******* 

,TAPL7=PUNCH,TAPEl,TA 
********************* 
********************* 

MAS 
H OF 
H TH 
DF N 
ORKS 
GUA 

N OF 
D BE 
. R A 
PHEN 
TICA 
MER 
N,N 

DEVELOPED BY MAT 
FICE UNDER CONTRA 
IS PROGRAM HAS BE 
bTWORKS.EXHAUSTIV 
IS COMPUTATIONAL 

RANTEES CONCERNIN 
THE MATHNET PROG 
APPRECIATED IF A 

NY OTHER SYSTEM E 
ROBINSON 

PE2,TAPE3,TAPE4 ) 
**************************** 
**************************** 

HEMATICA INC. FOR THE ARMY 
CT NUMBER DAHC 04 70 C0C25. 
EN EXTENSIVELY TESTED WITH A 
E TESTING OF ALL POSSIBLE CL 
LY IMPRACTICAL.MATHEMATICA T 
G THE ACCURACY OF THE OUTPUT 
RAM 
NY NETWORKS WHICH PRODUCE ER 
RRORS, WOULD BE REPORTED TOO 

**********MAT000 20 
**********MAT00010 

MAT00030 
MAT00040 
MAT0005C 
MAT00060 
MATOOC70 
MAT00080 

SQUAR, 
EW JFRSEY 08540 

IONS CONCERNING AODIT 
ERISTICS,OR NODE CAPA 

********************* 
********************* 

IONAL OUTPUT FEATURES,ARC 
BILITIES,ARE ALSO WELCOMED. 

**************************** 
**************************** 

VERSION 1 MODIFICATION LEVEL 0 - AUGUST 1, 197 

********************* 
********************* 

**************************** 
**************************** 

THIS   IS   THE   MAIN   ROUTINE 
COMMON/RANC/IXX 
COMMON/INDEV/    INDV 

INITIALIZE   RANDU 
IXXX=65J39 
CALL   RANDUUXXX, IXYY.RVAL) 
IXX=IXYY 
WRITE(6,20) 

FIRST I WILL READ IN A RECOR 
IF WE ARE IN BATCH MODE OR N 

FORMAT! IX, 39HIF YOU ARE RUN 
WRITE(6,21) 
FORMAT! IX, 45HPLEASE ENTER A 
WRITE(6,22) 
FORMAT! IX, 28HHAVE ENTERED A 
WRITE!6,23) 
FORMAT! IX, 12HF0RMAT IS ID 
REA0(5,24) INOV 
FORMAT! ID 
NOW TEST MOOE, IF BATCH SKIP 
IF!INDV.EQ.O) GO TO 7 
WRITE(6,30) 
FORMAT!IX, 53HY0U ARE NOW IN 

CT) 
WRITElfc,31) 
FORMAT!IX, 35HSELECT THE MOD 
WRITE(6,32) 

D FROM DATA SET 5 TO DETERMI 
OT 

NING THIS FROM A TERMINAL) 

I, IF RUNNING BATCH YOU SHOULD) 

CARD WITH A 0) 

EXPLANATIONS FROM NOW ON 

MONITOR MODE , FROM THE FOL 

E YOU WISH TO GO INTO) 
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LARGE 
ASSES 
HEREFC-RE 
GENERATEDMAT00090 

MAT00100 
RONEOUS MATOODO 

MAT00120 
MAT00130 
MAT001A0 
MAT00150 
MAT00160 
MATOODC 
MAT00180 
MAT00190 
MAT0020C 

**********MAT00210 
**********MAT002 2G 

MAT00230 
0 MAT00240 

MATOC250 
**********HAT002 60 
**********MAT0027C 

MAT00280 
MAT00290 
MAT00300 
MAT00310 
MAT00320 
MAT00330 
MAT00340 
MAT00350 
MAT00360 
MAT00370 
MAT00380 
MAT00390 

NE MAT00400 
MAT00410 
MAT00420 
MAT00A30 
MAT00440 
MAT00450 
MAT00460 
MAT00470 
MAT00480 
MAT00490 
MAT00500 
MATOOblO 
MAT00520 
MAT00530 
MAT00540 

LOWING LISMAT00550 
MAT00551 
MAT00560 
MAT00570 
MAT00580 



32 

33 

34 

3 5 

5 6 

37 

38 

77 

7B 

7 9 

7 

SO 

FjRMAT! 
WRITE(6 
FORMAT! 
WRITEI6 
FORMAT! 
WRI1 E!6 
FORMAT! 
t.RITE(6 
FORMAT! 
WRITEI6 
TCRMAT! 
WRITEI6 
FORMAT! 
GO TO 7 
WRITEI6 
WRITEI6 
FORMAT! 
WRITE(6 
FORMAT! 

CCRE) 
WRITEI6 
FORMAT! 
READ15, 
FORMAT! 
IF(MDDT 
IF!MODT 
IFIMOOT 
IFtMOOT 
IFJMODT 
IFJMOD 
IF(MOOT 
GO TO 7 
END 

IX, 16H1 
,33) 
IX, 15H2 
,34) 
IX, 25H3 
,35) 
IX, 24H4 
,36) 
IX, 12H5 
,37) 
IX, 25H6 
,38) 
IX, 16H9 

FNTER NODES) 

ENTER ARCS) 

SET ITERATION NUMBER) 

SCAN THE NET SO FAR) 

RUN NET) 

ENTER RUN IDENTIFIER) 

END SESSION) 

,50) 
,78) 
IX, 33HYOU HAVE RETURNED TO MONITOR MODE) 
,79) 
IX, ^HSFLECT THE MODE YOU WISH TO GO INTO AS 

,50) 
2H *) 
1) MODTYP 
ID 
YP.EO.l) CALLNODIN 
YP.EQ.2) CALL ARCIN 
YP.EQ.3) CALL REPSET 
YP.EQ.4) CALL SCAN 
YP.E0.5) CALL RUNSYS 
TYP.E0.6) CALL IDIN 
YP.E0.9) CALL EXIT 
7 

MATOOSTO 
MAT00600 
MAT00610 
MATOOh20 
MAT00630 
MAT0064 
MAT0C65 ) 
MAT00660 
MAT00670 
MATOOfc.80 
MAT00690 
MAT00700 
MAT0G710 
MAT00720 
MAT0C73J 
MAT00740 
MAT00750 
MAT00760 

INDICATED BEFMAT00770 
MAT00771 
MAT00790 
MAT00800 
MAT00810 
MAT00820 
MAT00830 
MAT00840 
MAT00850 
MAT00860 
MAT00870 
MAT00880 
MAT00890 
MAT00900 
MAT00910 

C 
c 
c 

c 
C 

60 
150 
61 

SUBROUTINE ARCIN 

THIS ROUTINE WILL SERVE TO READ IN ARCS AND ASSOCIATED DATA 

COMMON/INDEV/INOV 
COMMON/PARA/NNODEtNARC 
COMMON /ARC2/ TIME!500),ISTAT!500),PROB(500) 
COMMON/ARC1/ ARC(500),I NODE! 500),ONODE<500),IT I MET!500), 
CTARGU5 00),TARG2!500),TARG3!500) ,COSTC!500),COSTV!50C) 
COMMON/NODI/ NODE!100),I ARC! 100,10),OARC(100,10). PPi) At 1G0, 10 ) , 
CIARCIllOOItOARCIl 100), I TYPE! 100) ,OTYPE(100) .MNINDUOC), 
CTIMEN!ICO) 
REAL NODE 
INTEGER ONODE 
INTEGER OARCI,OARC 
DATA RETC/4HRETU/ 

IF!INDV.EQ.') GO TO 50 
WRITE(6,60) 
FORMAT! IX, 29HY0U ARE NOW IN ENTER ARC MODE) 
WRITE!6,61) 
FORMAT!2H *) 
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MAT00920 
MAT00930 
MAT00940 
MAT00950 
MAT0096C 
MAT00990 
MAT01000 
MAT00970 
MAT00971 
MAT01010 
MATOlOli 
MAT01312 
MAT01040 
MAT01080 
MAT01050 
MAT01060 
MAT01070 
MAT01090 
MAT01100 
MAT0U10 
MAT01120 
MAT01130 
MAT01140 



WRITE(6,70) PAT0U50 
70 FORMAT!IX, ^SHENTER ARC NAME,INPUT NODE NAME,OUTPUT NODE NAME,/ MAT01160 

C IX, 57HTIME DISTRIBUTION TYPE,TIME DISTRIBUTION ARGUMENTS 1,2,3,MATO1161 
C /1X, 71HC0NSTANT COST COEFFICIENT,COEFFICIENT OF TIME TERM IN MAT01162 
C COST TERM.//1X, 40HPR0BABILITY OF SUCCESSFUL ARC COMPLETIONMATO1163 
C) MAT0116A 
«IRITE!6,71) MAT01200 

71 FuRMATIlX, 23HF0RMAT IS 3A4, 11,6F10.0) MAT01210 
WRITE(6,6l) MAT01220 
WRITE!6,72) MAT01230 

77    WRITE(6,61) MAT01240 
72 FORMAT! IX, 38HT0 RETURN TO MONITOR MODE ENTER  RETU ) MAT01250 
SO   READ(5,1) ANAME,AIN0DE,A0N0DE,IDIST,PI,P2,P3,C1,C2,D MAT01260 

1 FORMAT!3A4,II,5F10.0.F9.0) 
IF!ANAME.EQ.RETC )   RETURN MAT01280 
NARC=NARC+1 MAT01290 
6RC(NARC)=ANAME MAT01300 
ITIMET(NARC)=IDIST MAT01310 
TARGKNARC) =P1 MAT01320 
TARG2(NARC)=P2 MAT01330 
TARG3(NARC)=P3 MAT01340 
C0STC(NARC)=C1 MAT01350 
C0STV(NARC)=C2 MAT01360 
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PROEM N/VKC)=r> MATO1370 

IF(NNODE.EO.O) 50 TO 10                                            MATP1380 
TO 9 [=1,NN DE MAT01390 
ISAVE=1 MAT01A0J 

C      ISAVE SIMPLY KEEPS VALUE OF I TO USE OUT OF 00 LOOP MAT01M0 
IFUINODE.E'J.NODEI I I > GO TO 11                                       MAT01420 

9 CONTINU! MAT01430 
10 NNODE = NN"iDE + l MAT0144G 

NODE(NNODE)=AINODE MAT01450 
IN0DE(NARC)=NN00E MAT0146G 
OARCINNJDE,1)=NARC MAT01470 
0ARCI(N'I&DE)*1 MAT01480 
GO TO 12 MATCIA90 

11 IN0DE(NARC)=ISAVE MAT015C0 
OARCK ISAVE)=OARCI( ISAVE)* I MATC15 10 
LM = OARCU ISAVE) MAT01520 
OARC(ISAVE,LM)=NARC MAT01530 

12 CONTINUE MAT0154C 
DO 20 I=ltNNODE MAT01550 
ISAVE=I MAT01560 
IF(A0N0DE.EU.N0OE(I)) GO TO 30                                       MATOl^O 

20   CONTINUE MAT0158C 
C     WE HAVE A NFW NODE MAT01590 

NNODE=NNODE*l MATOlbOC 
N0DE(NNCOE)=AONOOE MATOlblC 
0N0DE(NARC)=NN0DE MAT01620 
IARCINN^DE,1)=NARC MAT01630 
IARCI<NN0DE)=1 MAT016Aj 
GO TO A MAT016&0 

30   ONODE(NARC)=ISAVE MAT01660 
I ARC I(ISAVE) = IARCI(ISAVE)*1 MAT0167C 
LM=IARCI( ISAVE) MAT01680 
IARCI ISAVE,LM)=NARC MAT01690 

40   CONTINUE MAT01700 
GO TO 77 PAT01710 

END MAT01720 

SUBROUTINE MODIN MAT0173C 
THIS ROUTINE WILL READ IN NODE NAMES AND DATA MAT01740 

MATC1750 
COMMON/INDEV/ INDV MAT01760 
COMMON/NODI/ NODE!100),IARCI100,10),OARC(100,10),PPOA(100,10), MAT01770 

CIARCI(100),OARCK100),I TYPE! 100).OTYPE(IOO).MNIND(IOO), MAT01771 
CTIMEN(IOO) MAT01772 
REAL NODE MAT01800 
DIMENSION DDUMI10) MAT01810 
COMMON/PARA/ NNODE,NARC MAT01820 
COMMON/TERNN/NODNI30),NODI,TIMEZ(1000),COSTZ(10uO),NODEZ(1000), MAT01830 

CNCOUNTI30) MAT01831 
COMMON /ARC2/ TIME(500 ) ,ISTAT(500),PROB(500) MAT01850 
COMMON/ARC1/ARC(500),INOOF(5 00),ONODE(500),ITIMET(50U),TARG1(500),MAT01860 

CTARG2(5C0),TARG3(5OO),C0STC(5O0),C0STV(500) MAT018 61 
DIMENSION ZNAM(10),ZPR0B(10) , IZNAM(IO),YI(10),YJ110) MAT01880 
INTEGER OARCOARCI MAT01900 
INTEGER OTYPE MAT01930 
COMMON/ TERN I /I NOOK 10),INDDT MAT01920 
DATA CZZ/4HZZZZ/ MAT01890 
DATA RETCMHRETU/ MAT01910 
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TEST IF CATCH, IF SO SKIP G3BBELDYG00K 

1 

SO 

SI 

52 

53 

540 

54 

55 

S6 

S7 

58 

59 
20 
30 

40 

100 

101 

222 

60 

300 

301 

IF(INDV 
TERMINA 
WRITEI6 
FORMAT! 
WRITE16 
FORMAT! 
WRITEI6 
FORMAT! 
WRITEI6 
FORMAT! 
kRITE<6 
FORMAT! 
WRITE(6 
FORMAT! 
WRITEJ6 
FORMAT! 
WRITEI6 
FORMAT! 
WRITE16 
FORMAT 

k»RITE!6 
FORMAT! 
WRITE16 
FORMAT! 
WRITE!6 
FORMAT! 
WRITE16 
FORMAT! 
READ(5, 
FORMAT! 
IF!ADUM 
DO 100 
NDUM=I 
IFINODE 
CONTINU 
NNODE*N 
NDUM=NN 
ITYPE(N 
OTYPE(N 
IFUTYP 
ITYPE*4 
IF!ITYP 
ITYPE=6 
IF!ITYP 
ITYPE* 
IF!OTYP 
0TYPE=2 
IFIOTYP 
IFIDTYP 
GO TO 2 
CONTINU 
INSERT 
WRITEI6 
FORMAT! 
WRITEI6 
FORMAT! 

C) 

•EQ.O) GO TO 20 
L MODE PRINT INSTRUCTIONS 
,1) 
IX, 26HY0U ARE IN ENTER NODE MODE) 
,50) 
IX, 38HENTER NODE NAME,INPUT RULE,OUTPUT RULL) 
,51) 
IX, 18HF0RMAT IS A4,11,11) 
,52) 
IX, 37HINPUT ANO OUTPUT RULES ARE AS FOLLOWS) 
,53) 
10X, 11HRULE NUMBER,10X, 10HINPUT RULE,5X, 11H0UT 
,540) 
9X.13!IH. ),8X,12(1H.) ,13X,13(1H.)» 
,54) 
15X,IH1,18X,  3HAND,20X,  8HALL FIRE) 
,55) 
15X,1H2,18X,  2H0R.21X, 10HPROB. FIRE) 
,56) 
( 15X.1H4.18X,  7HINITIAL.L6X,  8HTERMINAL) 
,57) 
15X,1H5,18X,  3H1/1,20X,  3H1/1) 
,58) 
15X,1H6,18X,  7H1/1 BAR,16X,  7H1/1 BAR) 
,59) 
15X,1H7,18X,  9HPREFERRED,14X,  9HPREFERRED) 
,30) 
2H *) 
40) ADUM,IOUM,IODUM 
A4,I1,I1) 
.EQ.RETC) RETURN 
I-l.NNODE 

( I ).FQ.ADUM) GO TO 10 1 
E 
NODE+1 
ODE 
DUM)=IDUM 
DUM)=IODUM 
EINDUMI.E0.4) GO TO 90 
MEANS INITIAL NODE 
HNDUM1.E0.6) GO TO 400 
MEANS WE HAVE A 1/1 NODE WITH A NEGATIVE INPUT 

E(NDUM1.EQ.5) GO TO 60 
5 MEANS A l/l NODE WHICH MEANS WE MUST READ IN OR 
E(NDUM).E0.2) GO TO 70 
MEANS PROBABILISTIC FIRINGS..WE MUST READ IN PRO 
E(NDUM).E0.4) GO TO 80 
! (NDUMI.E0.7) GO TO 600 

READS HERE FOR l/l NODES 
,300) 
IX, 29HY0U HAVE INDICATED A 1/1 NODE) 
,301) 
IX, 52HINPUT NUMBER OF ARCS INPUT ARC NAME,OUTPUT 
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MAT01940 
MAT01950 
MAT01963 
M.\T0197D 
MAT01980 
MAT01990 
MAT02000 
MAT02T10 
MAT02J20 
MAT02030 
MAT02040 
MAT020 50 
MAT02060 
MAT02J70 

PUT RULE) MAT02080 
MAT02090 
MAT02100 
MAT02110 
MAT02120 
MAT02130 
MAT02140 
MAT0215o 
MAT02160 
MAT02170 
MAT02180 
MAT02190 
MAT02200 
MAT02210 
MAT02220 
MAT02230 
MAT02240 
MAT02250 
MAT02260 
MAT02270 
MAT02280 
MAT02290 
MAT02300 
MAT02310 
MAT02320 
MAT02330 
MAT02340 
MAT02350 
MAT02360 
MAT02370 
MAT02380 
MAT02390 
MAT02400 

DERINGS MAT02410 
MAT02420 

BABILITYS MAT02430 
MAT02440 
MAT02450 
MAT02460 
MAT02470 
MAT02480 
MAT02490 
MAT02500 
MAT02510 

ARC NAMESMAT02520 
MAT02521 



WRITE(6,302) MAT02rO 
302  FORMAT! IX, 23HF0RMAT IS I2,10!A4,A4  I MAT0254C 

kRITE!6,30) MAT0255C 
READ15,303)  MM, ( Y I ( I ) , Y0 ( I) , 1 = 1 , MM ) MATC256: 

?03  FORMAT!12,1 (A4,A4)) MAT02C70 
203  FORMAT! 12,1 "(A4,r6.3)) MATC2'J8.J 

00 305 L=1,MARC MAT0259r 
DO 3J6 K=1,MM MAT02?.0( 
IF!ARC!L).EO.YHKI ) I ARC<NDUM,K)=L MAT02610 
IFURCIL ).Eg.YO(K) > OARC(NDUM,K)=L MAT02620 

336  CONTINU' MAT02r.3) 
305      CONTINUE MAT0?cS<O 

GO   TO   2 MAT026SO 
70 CONTINUi! MAT02t>fr 

C INSERT   READ   FOR   "ROBABILITIFS MAT0267 
IFUNDV.EQ.    )    SO   TC   220 MAT02680 
WRITF«6,200) MAT02r.9O 

201 FORMAT!LX, 49HY.U HAVE INDICATED A NODE WITH STOCHASTIC OUTPUTS)  MATG27G 
WRITE!6,201) MAT0271C 

2C1  FCRMATUX, 53HINPUT NUMBER OF OUTPUT ARCS NAMC OF OUTPUT ARC,PRCH.MAT0272r 

C. ) MAT02721 
WRITEI6.202) MAT0273r! 

202 FORMAT! IX, 25HF0PMAT IS I 2 ,1G(A4,F6. 3) ) MATC274G 
WRITE!6,30) MATG275G 

220      READ(5,203) NN,!/NAM(I),ZPRCB!I),I=1,NN) MAT02760 
IF!NN.NE.OARCl(NDUM)) CALL TERM(99) MAT02770 
DO 205 1=1,NN MATO2780 
DO 206 J = 1,NN MAT02790 
JJ=J MATC28CT 
LM = OARC(NDUM, I ) MAT0281"' 
lF!ZNAM!J).tQ.ARC<LM)) GO TO 2G7 MAT0282C 

206 CONTINUE MATO2830 
CALL TERMJ100) MAT02840 

207 PPOA!NDUM,I) = ZPR;BIJJ) MATC2850 
205  CONTINUE MAT02060 

GO TO 2 MAT02870 
80   N0DI=N0PI+1 MAT02880 

NODN(NOOI)=NDUM MAT02890 
GO TO 2 MAT02900 

90      1NGDT=IN>DT+1 MAT02910 
INODI!IN0OT)=NDUM MAT02920 
GO TO 222 MAT02930 

400 IFUNDV.EQ.o) GQ TO 420 MAT02940 
WRITE!6,40l) MAT02950 

401 FORMAT!IX, 33HY0U HAVE INDICATED A 1/1 BAR NODE) MAT02960 
WRITE(6,402) MAT02970 

402 FORMAT!IX, 51HINPUT NUMBER OF ARCS INPUT ARC NAME,OUTPUT ARC NAME)MAT02980 
WRITF(6,403) MAT02990 

403 FORMAT! IX, 47HINPUT A NAME OF ZZZZ FOR THE NO INPUT CONDITION) MAT03000 
WRITE(6,302) MAT03010 
WRITE!6,30) MAT03020 

420  READ!5,303) MM,(YI(I),YO!I),I=1,MM) MAT03030 
DO 405 L=l,NARC MAT03040 
DO 406 K=1,MM MATU3050 
IF!ARC«L).EO.YI(K) ) I ARCINDUM,K)=L MAT03060 
IF!ARC!L).EU.Y0!K) ) OARC!NDUM,K)=L MAT03070 
IF!YIIK).EQ.CZZ) IARC!NDUM,K)=500 MAT03080 

406  CONTINUE MAT03090 
405  CONTINUE MAT03100 

IARCI!NOUM)=IARCI(NDUMJ+1 MAT03110 
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GO TO 2 0 
600 IF(INDV.EQ.O) GO TO 666 

wRITE(6,601) 
601 FORMAT*IX, 35HY0U HAVE INDICATED A PREFERRED NODE) 

WRITE<6,302) 
WRITEI6.602) 

602 FORMAT!IX, 43HI/0 ARC PAIRS SHOULD BE IN PREFERENCE ORDER) 
WRITE(6,^03) 
WRITE(6,30) 

666  READ(5,303) MM,(YI(I),YO(I),I=1,MM) 
00 605 L=l,NARC 
00 606 K=1,MM 
IF(ARC(L).EO.YI(K)) I ARC(NDUM.K)*L 
IF(ARC(L).EO,YO(K)) OARC(NDUM,K)=L 
IF(YMK).EQ.CZZ) I ARC ( NDUM.K ) =500 

606  CONTINUE 
605  CONTINUE 

1 ARC I(NDUM)=IARCI(NOUM)+l 
GO TO 20 
END 

MAT03120 
MAT03130 
MAT03140 
MAT03L50 
MAT03160 
MAT03170 
MAT03180 
MAT03190 
MAT03200 
MAT03210 
MAT03220 
MAT03230 
MAT0324G 
MAT03250 
MAT03260 
MAT03270 
MAT03280 
MAT03290 
MAT03300 
MAT033 10 

SUBROUTINE IDIN 
COMMON/IDD/ RUNIDI20) 
WRITE(6,1) 

1 FORMAT!IX, A7HENTER A RUN 
READ(5,2) RUNID 

2 FORMATI20A4) 
RETURN 
END 

IDENTIFIER OF 8C CHARACTERS OR LESS) 

MAT03320 
MAT03330 
MAT033AO 
MAT03350 
MAT03360 
MAT03370 
MAT03380 
MAT03390 

SUBROUTINE REPSET MAT03400 
COMMON/ITERA/ITER MAT03410 
COMMON/INDEV/INDV MAT03420 
TEST IF IN BATCH MODE,IF SO SKIP GOBBELDY GOOK MAT03430 
IF(INDV.EQ.O) GO TO 4 MAT03440 
WRITE(6,1) MAT03450 

1 FORMATdX, 40HY0U CAN NOW SET THE NUMBER OF ITERATIONS) MAT03460 
WRITEI6.2) MAT03470 

2 FORMATdX, 42HENTER A 5 POSITION INTEGER, RIGHT ADJUSTED) MAT03480 
WRITE(6,3) MAT03490 

3 FORMATdX,1H*) MAT03500 
<t READ(5,5) ITER MAT03510 
5 FORMATt 15) MAT03520 

RETURN MAT03530 
END MAT03540 

SUBROUTINE SCAN 
THIS ROUTINE WILL PRINT OUT THE NET TO DATE 
COMMON/RANC/ IXX 
COMMON /ARC2/ TIME(500 ),ISTATI500),PROB(500) 

MAT03550 
MAT03560 
MAT03570 
MAT03580 

COMMON/ARCl/ARCl500),INODE(500)tONODE(500),ITIMET(50C),TARG1(500),MAT03590 
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CTARS2(5 00),TARG3(50n),C0STC(500),C0STV(50r) 
COMMCN/PARA/ NNODE.NARC 
COMMON/MODI/ NODE(100),I ARC! 100,10),OARC<100,10),PP)A(100,10), 
CIARCK 1 10), >ARCI!100),ITYPE( 100 ) , OTYPE (IOC ) , MNIND! I j.; ) , 
CTIMEN( 110) 
REAL NOPE 
INTEGER ONOnE.OTYPF 

ARC 
AR02 

INPUT NODE 
A*G3 

OUTPUT   NODE 
COST 

TIME DIST 
PROD 

50 

51 

61 
60 

WRITE(6,1) 
1 FORMAT! IX,47H 
156H   ARG1 
DC 2 I=1,NARC 
LM=INOOI-( I ) 
LN=0NODE(I) 
WRITE!6,3)A<C<I),NODE(LM),NODE( LN),ITIMETI I ), 
1TARGK I ),TARG2(I ),TARG3(I) ,C0STC(I ),C0STV( D.PKJUII) 

3 FORMAT!2X,A4,6X,A4,11X,A4,11X,II,5X,F7.2,3(3X,F7.?), 
1 2H +,F7.2,3X,F6.3) 
CONTINUE 

NOW WRITF OUT ARCS AND ASSOCIATED DATA 

WRITE(6,50) 
FORMAT!1H ) 
WRITE(6,51) 
FORMAT! IX, 53H   NODE 

CS, 29H    INPUT TYPE 
DO 60 I=1,NN0DE 
WRITE! 6,61) NODE! I), I ARCH I) ,OARC HI ), I TYPE ( I ), JTYPE < I) 
F0RMATnX,A4,l5X,I2,l5X,I2,2 0X,I2,15X,I2) 
CONTINUE 
RETURN 
END 

MAT03591 
MAT0361C 
MAT0362C 
MATU3621 
MATC3622 
MAT03650 
MAT0366P 
MAT0367C 
MAT03b80 

MAT037K 
MAT0372J 
MAT0373^ 

NO. OF INPUT ARCS 
OUTPUT TYPE) 

NO. OF 

MAT0 37 8C 
MAT03790 
MAT03800 
MAT03310 
MAT03820 
MAT03830 
MAT03840 

OUTPUT ARCMAT0385C 
MAT03851 
MAT03870 
MAT03880 
MAT03890 
MAT03900 
MAT0391C 
MAT03920 

SUBROUTINE RUNSYS 
THIS ROUTINE CONTROLS THE RUNNING OF A NET 

COMMON/IRRZ/IREPIT 
COMMON/KKIND/KIND 
COMMON/ARC1/ARC!500),I NODE(500),0N0DE(500),ITIMETI500 I,TARGlt500) 

CTARG2!5 00),TARG3!500),COSTC!500),COSTV<500) 
COMMON/ITERA/ITER 
COMMON /ARC2/ TIME(500),ISTAT(500),PROB<500) 
COMMON/RUNER/ ITERMS 
COMMON/MINT/SMTIM,INSM 
COMMON/TERNN/NODN(30),NODI,TI MEZ(1000),COSTZ(1000).NODEZ(1000), 

CNCOUNT! 30) 
COMMON/NODI/ NODE!100),I ARC! 100,10),OARC(100,10),PPJA!100,10), 

CI ARC I (100), OARCI(100)tI TYPE(100),OTYPE(100),MNIND(IOCl), 
CTIMENl100) 
COMMON/PARA/NNODE.NARC 
CCMMON/TERNI/ INODI(10 ) ,INODT 
INTEGER OARC,OARCI,OTYPE 

SET NUMBER 
IREPIT-0 

OF ITERATIONS SO FAR TO 
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MAT0393; 
MAT03940 
MAT0395G 
MAT03960 
MAT03970 
.MAT0398C 
MAT03981 
MAT04000 
MAT04010 
MAT04020 
MAT04030 
MAT04040 
MAT04J41 
MAT04C60 
MAT04061 
MAT04362 
MAT04G90 
MAT04100 
MAT04110 
MAT04120 
MAT04130 
MAT04140 
MAT04150 



so 

z 
C 
c 

10 
L 
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40 

so 

hO 
c 

c 

SMTIM=999999.0 
ABOVE INITIALIZES SMALLEST TERMINAL FINISH TIME TO A LAKGE NUMBER 

THE FOLLOWING CODE SETS THE INDICATER OF WHETHER OR NOT 
A TERMINAL NODE HAS BEEN FILLED TO INDICATE NO. 

ITERMS=i 
NOW FIRE INITIAL NODES 

CALL 
CALL 

TO 1 

DO 10 I=1,IN0DT 
LM=INODM I) 
TIMEN(LM)=0. 
IF(CTYPE(LM).EQ. 1) 
IF(OTYPt(LM).E0.2) 
CONTINUE 
CALL ARCCHK 
CALL NODCHK 
IF(KIND,EQ.j)   GO TO 60 
IF(ITERMS.EQ.O) GO TO 1 
CALL ENDIT(KEY) 
IF(KEY.EO.O) GO 
CALL PTERM 
IREPIT=IREPIT+1 
IF{IREPIT.EQ.ITER) 
IF(IREPIT.EU.ITER) 
DO 40 I=1,NARC 
TIME(I)=0. 
ISTATU >=0 
CONTINUE 
DO 50 I=1,NN0DE 
TIMEN(I 1=0. 
CONTINUE 
GO TO 2: 
COME HERE IF NO 
IF(ITERMS.EQ.O) 
DO ABOVE IF NO 
GO TO 61 
DO ABOVE IF THERE IS A 
END 

ALLFIR(LM) 
PROFIR(LM) 

CALL   SGRAPH 
RETURN 

NODES   HAVE   FIRED 
CALL   TERMO03C) 

TERMINAL   NODES   HAVE BEEN FILLED 

TERMINAL NODE-END ITERATION 

MAT04160 
MAT04170 
MAT04180 
MAT0419C 
MAT1420C 
MAT04210 
MAT04220 
MAT0423P 
MAT04240 
MAT0425C 
MAT0426C 
MAT04270 
MAT04280 
MAT04290 
MAT0430C 
MAT04310 
MAT04320 
MAT04330 
MAT04340 
MAT04350 
MAT0A36C 
MAT04370 
MAT04380 
MAT04390 
MAT04400 
MAT04410 
MAT04420 
MAT04430 
MAT04440 
MAT044 50 
MAT04460 
MAT04470 
MAT04480 
MAT04490 
MAT04500 
MAT04510 
MAT04520 
MAT04530 
MAT04540 

SUBROUTINE NOOCHK MAT04550 
C     SEE WHAT NODES ARE READY TO FIRE,FIRE THOSE THAT MAT04560 
C     ARE READY MAT04570 
C MAT04580 

COMMON/PARA/NNOOE,NARC MAT04590 
COMMON/NODI/ NODE(100),I ARC(100,10)»0ARC(100,10),PPOA( 100,10),    MAT04600 
CIARCI(100),0ARCI(100),ITYPE(100),OTYPE(100),MNIND(100), MAT04601 
CTIMEN(IOO) MAT04602 
COMMON /ARC2/ TIME(500),ISTAT(500),PROB(500) MAT04630 
INTEGER 0TYPE,0ARCI,0ARC MAT04640 
COMMON /KKIND/KIND MAT04650 
REAL NODE MAT04660 
KIND=0 MAT04670 
DO 1 I=l,NN0DE MAT04680 
IL=I MAT04690 
j=0 MAT04700 
IF( ITYPEdl.NE.il GO TO 40 MAT04710 
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CALL ANOTST(IL.J) MAT04720 
GO TZ    100 MAT04730 

40 IFUTYP tI).NE.2) G3 TO *1 MAT0474O 
CALL CRTST(IL,J> MAT0475C 
GO TC 1 >G MAT047fcO 

41 CONTINU- MAT04/70 
IF( ITYPH D.EU.5) GO TC 52 MAT0478C 
IFUTYP (D.EQ.6) GG TO 53                                           MAT04790 
IF< ITYPEU 1.FQ.7) GO T."1 54 l«AT04N00 

10i»  IF(J.EO.O) GO TO 1 MAT043U 
KIND=KIND+1 MAT04CJ^1 

1 MAT04H3«' 
1     NOW ZER'^ OUT INPUT ARCS MAT04840 
; MAT04*50 

IRK=IARCI(I ) MAT04*6 ' 
DO 22 U=l,IRK MAT04H70 
LM=IARC(1,1J) MAT04880 
IF(ISTAT(LM).EQ.O) GO TO 22                                         MAT04890 

ISTAT(LM)=4 MAT0490w 
22   CONTINUE MAT3491: 

IF( OTYPFI D.NE.l) GO TO 50                                           MAT0492 
CALL ALLFIRII) MAT04930 
GO TO 1 MAT0494J 

50 IF(OTYPE( IJ.NE.2) GO TO 51 MAT0495C 
CALL PR FIR(I) MAT04960 
GO TO 1 MAT0497C 

51 IFIOTYPEII1.NE.4) GO TO 52 MAT04980 
CALL ITALL(I) MAT04990 
GO TO 1 MAT05000 

52 IFIOTYPEI D.NE.5) CALL TERMI1210) MAT05010 
CALL ONEONEIIUJI MAT05020 
KIND=KIND+J MAT05030 
GO TO I MAT05D40 

53 IF(OTYPc( D.NE.6) CALL TERMI1211I MATO505O 
CALL GNEBAR(IL,J) MAT05J60 
KIND=KIND+J MAT05070 
GO TO 1 MAT05>80 

54 IF(0TYPE(I).NE.7) CALL TERMI1212) MAT05390 
CALL PREFER!IL,J) MAT05100 
KIND=KIND+J MAT05110 

1    CONTINUE MAT0512C 
RETURN MAT05130 
END MAT0514G 

SUBROUTINE ANDTST(I,J) MAT05150 
THIS ROUTINE TESTS AND  NODES MAT05160 
COMMON/NODI/ NODE(100)11 ARC( 100,1C ) tOARCI100,10),PPOA(100,10),    MAT05170 

CI ARC I(100),OARCI(100),I TYPE!100),OTYPE(100),MNIN0(100I, MAT05171 
CTIMEN(IJO) MAT05172 
REAL NODE MAT05200 
COMMON /ARC2/ TIME!500),ISTATI500),PR0B(500) MAT05210 
II-IARCHI) MAT05220 
TIM=0. MAT05230 
DO 1 K-L * 11 MAT0524C 
KK-IARCIItKI MAT05250 
IF(ISTAT(KK).NE.2) GO TO 2 MAT05260 
IF(TIME(KK).GT.TIM) TIM=TIME(KK) MAT05270 
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CONTINUE 
TIMENt I ) = 
J = l 
RETURN 
J=0 
RETURN 
END 

TIM 
MAT052 8C 
MATO5290 
MATO530C 
MAT05310 
MAT0532G 
MAT0533? 
MAT05J40 

SUBROUT 
THIS RO 
COMMON/ 

CIARCI(1 
CTIMENU 
REAL NO 
COMMON 
COMMON/ 
CTARG2I5 
II=IARC 
TIM=100 
J=0 
DO 1 K = 
KKMARC 
IF( ISTA 
J=l 
IFITIME 
CONTINU 
IFU.EQ 
TIMENI I 
RETURN 
END 

INE 
UTIN 
NODI 
00), 
00) 
DE 
/ARC 
ARC1 
00 )• 
id) 
3000 

)RTSTU ,J) 
E TEST  OR  NODES 
/ N0DE(1C0),IARC(ICO,10),OARC(100,10),PPOA(100,10), 
OARCI (100) , I TYPE! 100) .OTYPE(IOO) .MNINDI100), 

2/ TIME(500),ISTAT(500),PR0B(500) 
/ARC(50O),IN0DE(5 00),ON0DE(500),ITIMET!500), TARG1 ( 500 
TARG3(50O),C0STC(500),C0STV(500) 

1,11 
(I,K) 
T(KK).NE.2) GO TO 1 

(KK).LT.TIM) TIM=TIME(KK) 
E 
.0) RETURN 
)=TIM 

MAT05350 
MAT05360 
MAT0537U 
MAT05371 
MAT05372 
MAT05<tCC 
MAT05410 

),MAT0542C 
MAT05421 
MAT05<>40 
MAT05450 
MAT05460 
MAT05470 
MAT05480 
MAT05490 
MAT05500 
MAT05510 
MAT05520 
MAT05530 
MAT05540 
MAT05550 
MAT05560 

SUBROUTINE PROFIRU) MAT0557C 
FIRE NODE I USING STOCHASTIC CONSIDERATIONS MAT05580 
COMMON /ARC2/ TIME(500),ISTATI500)»PROB(500) MAT05590 
COMMON/NODI/ NODE(100),IARC(100,10),OARC(100,10),PPOA(100,10),    MAT05600 
CIARCI(100),0ARCI(100),ITYPE(100),OTYPE(100),MNIND(100), MAT05601 
CTIMEN(IOO) MAT05602 
REAL NODE MAT05630 
COMMON/RANC/ IXX MAT05640 
INTEGER OARC,OARCI,OTYPE MAT05650 

MAT05660 
IXXX=IXX MAT05670 
CALL RANDUlIXXX,IXY.RVAL) MAT05680 
IXX=IXY MAT05690 
AHIGH*0. MAT05700 
II«OARCIII) MAT05710 
DO 1 K-itll MAT05720 
KK»OARC(I,K) MAT05730 
ALOW*AHIGH MAT05740 
AHIGH=ALOW*PPOA(I,K) MAT05750 
IF((RVAL.GE.ALOW).AND.<RVAL.LE.AHIGH)) GO TO 2                    MAT05760 
CONTINUF MAT05770 
CALL TERM(l) MAT05780 
ISTAT(KK)=1 MAT05790 
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RETURN MAT05800 
END MATOfBlO 

SUBROUTINE ALLFIR(I) MAT05S20 
FIRE ALL OUTPUT ARCS MAT0583C 
T.OMM.N /ARC2/ TlMF(OOO),ISTATI500),PROB(50G) MAT0584C 
CCMMON/MODl/ MODE! 100),I ARC( 100, 10 ) » OARC ( 10.' t 10 ) t PPOA ( K0, 10 ) ,    MA TO 5 8 50 

CI ARC I ( HOI, ARC I (lOt ) , ITYPF.t 100 ) ,0 TYPE ( IOC ) , MN 1 MD( 1 Ji ), MAT05*M 
CTIMEN(1"Q) MAT05852 
REAL NOOE MAT058P0 
INTEGER OARC! , lAi-tC MATC589C 
II=OARC1(1) MAT05900 
lO 1 K=1,II MAT05910 
KK=3ARC(1,K) MAT0592. 
ISTAT(KK)=1 MATO5930 
CONTINUE PAT05940 
RETURN MATP595C 
END MAT0595"1 

SUBROUTINE ONE<">NE( ILK.J) MAT05970 
COMMON/ PAR A /NN00E,N ARC MAT059 80 
COMMON/NODI/ NODE ( KOI, I ARC! 100,13), .""ARC < 10 0 , 10 ) , PP i A( 1 Jo , 1C ) ,    MAT0 5990 
CIARCK 1 0O),OARCI (100) t I TYPE ( 100 ) , OTYPE (100 ) , MN I ND( 100 ) , MAT0 5991 
CTIMEN(IOO) MAT05992 
COMMON/ARCl/ARC(500),I NODE(5 00),ONODE(500), ITIMETI50C), TARGl(50)).MAT06020 
CTARG2(500),TARGM500) ,C0STC(500) ,C0STV(500) MAT06C21 
COMMON /ARC2/ TIME(50 1),ISTAT(500),PROB(500) MAT06040 
INTEGER 0TYPE,OARCI,OARC HAT06J50 
REAL NODE MAT06060 
j=0 MAT06070 
I 1 = 1 ARC I (ILK) MAT06C80 
TIM=1000000. MAT06D90 
DO 1 K=1,II MAT0610C 
KK=IARC( ILK.K) MAT06U0 
IF(ISTAT(KK).NE.2) GO TO 1 MAT0612H 
IF(TIME(KK).GE.TIM) GO TO I MAT06130 
TIM=TIME(KK) MAT061AC 
J=K MAT06L50 
CONTINUE MAT06160 
IF(J.EQ.O) RETURN MAT06170 
ZERO OUT ALL INPUTS, FIRE J TH OUTPUT ARC MAT06180 
DO 2 K«ltII MAT06190 
LM=IARC(ILK.K) MAT06200 
IF(ISTAT(LM).EQ.O) GO TO 2 MAT0621C 
ISTAT(LM)=<, MAT06220 

CONTINUE MAT06230 
LM=OARC( ILK.J) MAT06240 
ISTAT(LM)=1 MAT06250 
TIMEN(ILK)=TIM MAT06260 
RETURN MAT06270 
END MAT06280 
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SUBROUTINE ONEHAR<ILK,J) 
COMMON/PARA/NNODE.NARC 
COMMON/NOOl/ NODE!100),IARC(100,10),0ARC(100.10),PPOA( 
CIARCKIJO), ^ARCI(100),I TYPE! 100) .OTYPE (100 ) , MNIND( 100) 
CTIMENC100) 
COMMON/ARCl/ARC(500),I NODE(500),0N0DE(500),ITIMET(50C) 

CTARG2(5JO),TARG3(500),COSTC(500),COSTV(500) 
COMMON /ARC2/ TIME(500),ISTAT(500),PROB(500) 
INTEGER OTYPE,OARCItOARC 
REAL NOPE 
J=0 
II=IARCI(ILK) 
TIM=1000000. 
DO 1 K=l,II 
KK=IARC( ILK,K) 
IFUK.EQ.500) IBAR = K 
IFIKK.EQ.500) GO TO 1 
IF(ISTAT(KK).NE.2) GO TO 1 
IFITIME(KK).GF.TIM) GO TO 1 
TIM=TIME(KK) 
J=K 
CONTINUE 
IF(J.EQ.O) GO TO 5 
ZERO OUT ALL INPUTS, FIRE J TH OUTPUT ARC 
DO 2 K=l, II 
LM=IARC(ILK,K) 
IF(ISTAT(LM).EQ.O) GO TO 2 
ISTAT(LM)=4 

CONTINUE 
LM=0ARC< ILK,J) 
ISTAT(LM)=l 
TIMEN( ILK) = TIM 
RETURN 
TIM=0. 

DO 6 K=l, II 
KK=IARC(ILK,K) 
IFIKK.E0.500) GO TO 6 
IF(ISTAT(KK).NE.3) GO TO 7 
IF(TIME(KK).LE.TIM) GO TO 6 

TIM=TIME(KK) 
CONTINUE 
LM=OARC(ILK,IBAR) 
ISTAT(LM)=1 
J = l 

DO 12 K = l,II 
LM = IARCULK,K) 
ISTAT(LM)=4 

CONTINUE 
TIMEN(ILK)=TIM 
CONTINUE 
RETURN 
END 

MAT06290 
MAT06300 

100,10),    MAT06310 
, MAT06311 

MAT06312 
,TARG1(500I,MAT06340 

MAT063A1 
MAT0636C 
MAT06370 
MAT06380 
MAT06390 
MAT064CC 
MAT0641C 
MAT06A20 
MAT06430 
MAT0644C 
MAT06450 
MAT06460 
MAT06473 
MAT06480 
MAT06490 
MAT06500 
MAT0651C 
MAT06520 
MAT0653C 
MAT065A0 
MAT06550 
MAT06560 
MAT06570 
MAT06580 
MAT061390 
MAT06600 
MAT06610 
MAT06620 
MAT06630 
MAT06640 
MAT06650 
MAT06660 
MAT06670 
MAT06680 
MAT06690 
MAT06700 
MAT06710 
MAT06720 
MAT06730 
HAT06740 
MAT06750 
MAT06760 
MAT06770 
MAT06780 
MAT06790 
MAT06800 

SUBROUTINE PREFER! ILK,J ) MAT06810 
COMMON/PARA/NNODE,NARC MAT06820 
COMMON/NODI/ NODE!IOC),IARC(100,10),OARC(100,10),PPOA(100,10), MAT0683C 
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CIAKCI(1,01,.ARC I( 10( ),I TYPE! 100),0 TYPE(100),MNINO(IOC Ii MAT069 31 
CriMfcN(lr0) MAT06832 
COMMON/ARC1/ARC(500),I NODE(50C),ON0OE(50O)*ITIMdTI500).TARG1(503),MAT06S6" 

CTARG2(5'~-0), T Aur,"" ( 5Of ) , C OSTC( 5 00 ) ,C0STV(500) MAT068M 
COMMON /ARC?/ T I «*[ ( 50 "> ) , I STAT ( 500 ) ,PR0B ( 50C ) MAT06d8G 
INTEGER GTYHE.OARCI,OARC MAT06990 
REAL NODE MAT06901 
J=0 MAT06910 
I 1= I ARCH ILK) MAT06920 
TIM=0. MAT0693C 
00 1 K-l« I I MU0694C 
KK= I ARC( ILK.K ) MATOb-^U 
IFIKK.-U.5 .0) r,n T: 1 MM06960 
IF( ISTAT(KK).EQ.O) Gn   TO 30 MAT06970 
IF( ISTAT(KK).EO.l) G^ TO 30 MAT06980 
IF( ISTAT(KK).F0.4) GO T? 3. MAT06990 
IF( TIMEJKK I.GT.TIf!) TIM=TIME(KK) MAT0700," 

1 CONTINUE MAT07010 
j=l MATO702G 

C      IF WE GFT HERF Tflf MODE WILL RE FIRED                               MAT07O3O 
C      FIRE FIRST ARC PAIR WITH ? STATUS, IF THERE IS ONE MAT07040 

III=II-L MAT07j5'j 
00 2 K=l,I II MAT37O&0 
KK=IARCI ILK,K ) MAT07O7C 
KKK=K MAT07'.83 
IF(ISTAT(KK).EU.2) GO TO 4 MAT07090 

2 CONTINUE MAT07100 
C      IF WE GET HfcRE FIRE BAR ARC MAT07110 

LM=OARC(ILK, I I ) MAT07120 

GO TC 5 MAT 07130 
C       FIRE THE KKK ARC MAT07140 
4      LM=OARC(ILK,KKK ) MAT07150 

LN=IARC(ILK.KKK) MAT07160 
TIM=TIME(LN) MAT07170 

t>      ISTAT(LM)=1 M«T07180 
DO 40 K=l,II MAT07190 
LM=IARC( ILK.K) MAT07200 
ISTAT(LM)=4 MAT07210 

40    CONTINUE MAT07220 
30    CONTINUE MAT07230 

TIMENIILK)=TIM MAT07240 
RETURN MAT07250 
END MAT07260 

SUBROUTINE ARCCHK MAT07270 
C      IF INITIATED8CHECK PROBABILITY OF COMPLETION MAT07280 
C      IF C0MPLETE08CALCULATE TIME AND COST MAT07290 
C MAT0730C 

COMMON/RANC/ IXX MAT07310 
COMMON /ARC2/ TI ME I 500),ISTAT(500),PROB(500) MAT07320 
COMMON/ARC 1/ARC(500 ),I NODE(500),0N0DE(500),ITI MET(50C)»TARG1(500),MAT07330 
CTARG2(500),TARG3(500),COSTC(500) ,CCSTV(500) MAT07331 
COMMON/PARA/ NNODE.NARC MAT07350 
COMMON/NODI/ NODE(100),IARCI100,10),0ARC(100,10),PPOA(100,10),    MAT07360 

CI ARCH 130),:ARC I(100),I TYPE(100).OTYPE(IOO),MNIN0(100), MAT07361 
CTIMEN(IOO) MAT07362 
REAL NODE MAT07390 
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DO 1 I=1,NARC 
IF(ISTATI I),NE.l) GO TO 1 
IXXX=IXX 
A=TARG1<I» 
fl=TARG2<I) 
C = TARG3d) 
IF( ITlMETd J.EQ.l) CALL GAUSS!IXXX,B,A,TVAL) 
IF( ITIMETd ).E0.2)CALL TRIANGdXXX,A,B,C,TVAL) 
IFdTIMETd) .EO. 3) CALL UN IFRMd XXX, A,B ,C , TVAL ) 
1XX=IXXX 
LM=INOOE(I) 
TIME( l)=TVAL+TIMFN(LM) 
IFIPROBIIJ.EQ.l) GO TD 2 
[XXX=IXX 
CALL RANDUI1XXX,IXYY.RVAL) 
IXX=IXYY 
IFIRVAL.LE.PROBUI)   GO   TJ   2 
ISTAT( I )=3 
GO TO 1 
ISTATII)=2 
CONTINUE 
RETURN 
END 

MAT07400 
MAT07410 
MAT07420 
MAT07430 
MAT0744O 
MAT074 50 
MAT074 60 
MAT07470 

MATC748C 
MAT07<t90 
MAT07^GU 
MAT075 10 
MAT07b20 
MAT07t>30 
MAT0734C 
MAT0755G 
MATD7560 
MAT07570 
MAT07580 
MAT07t>90 
MAT0760C 
MAT07t>10 

SUBROUTINE ITALL(II) MAT07620 
C MAT07630 
C     THIS ROUTINE WILL HANDLE A TERMINAL NODE BEING FILLED MAT07640 
C      IT WILL SEE IF THE TIME IS SMALLER THAN ANY OTHER TERMINAL PAT07650 
C     NODE TIME AND IF SC SWAP TIME AND CJST INDICATORS MAT07660 
C MAT07670 

COMMON/MINT/SMTIM,INSM MAT07680 
COMMON/RUNER/ ITERMS MAT07690 
COMMON/NODI/ NODE!1C0),IARC( 100,10),OARC(100,101,PPOA(100,10),    MAT07700 

C I ARC Id 00), ^ARCKIOO).ITYPE(IOO) ,0TYPE(100) .MNINDdOO), MAT07701 
CTIMEN(IOO) MAT077C2 
ITERMSM MAT07730 

C     ABOVE INDICATES A TERMINAL NODE HAS BEEN FILLED MAT07740 
IF(TIMEN(IIl.GE.SMTIM) RETURN MAT07750 
SMTIM=TIMEN(II) MAT07760 
INSM=II MAT07770 
RETURN MAT07780 
END MAT07790 

C 
c 
C 
c 

SUBROUTINE ENDIT(KEY) 

THIS ROUTINE CHECKS TO SEE IF THERE ARE COMPLETED ARCS WITH TIMES 
SMALLER THAN THE SMALLEST TERMINAL NODE 
IF SO SFT KEY*0, IF NOT SET KEY-1 AND TERMINATE THIS RUN 
COMMON /ARC2/ TIME(500),ISTAT(500),PROB(500) 
COMMON/MINT/ SMTIM.INSM 
COMMON/PARA/NNODE.NARC 
DO 1 I=1,NARC 
IF( ISTATI D.EQ.O) GO TO 1 
IFdSTATI U.EQ.3) GO TO 1        g9 

MAT07800 
MAT07810 
MAT07820 
MAT07830 
MAT07840 
MAT07850 
MAT07860 
MAT07870 
MAT07880 
MAT07890 
MAT07900 



IF( ISTATl D.EQ.4) GO TO 1                                                                                                                 MAT07910 
IF(TIME(IJ.LT.SMTIM) GO TO 2                                         MAT0792O 
CONTINUE MAT07930 
KEY=1 MAT07940 
RETURN MAT0795C 
KEY=0 MAT0796r 

RETURN MAT0797D 
END MAT07980 

SUBROUTINE PTERM MAT07990 
COMMON/PARA/ NN DE.NARC MAT08O00 
COMMON/IRRZ/IREPIT MAT08010 

COMMON/MI NT/ SMTIM,INSM MAT08U20 
COMMON/NODI/ NODE(ICO), IARC( 100,10),OARC(100,10)tPPOAI1 JO,IJ»,    MAT08 330 
CIARCK 1 ^3), ^ARCI ( 10. ),ITYPE( 100) ,0TYPE(10OI ,MNIND(lOi ), MAT 08^ 31 
CT IMENI I'OI MAT08;>32 
COMMON/TERNN/NODNl30),NC0I,T(MEZ(1000),COSTZ(10001rNCDEZI1000),   MAT08060 
CNCOUNTMO) MAT08061 
COMMON/ARC 1/ARC(*03),I NODE(500),0N0DE(500),ITI ME\(500),TARG1(500),MAT08080 

CTARG2(50C),TARG3<500),COSTC(500),C0STV<500) MATO8081 
COMMON /ARC?/ TIME(530),ISTAT(500) ,PROB(500) MAT0810C' 
COMMON/TERNI/ INOD I (10 ) ,I NODT MAT38110 

MAT0812Q 
DO I 1=1,NODI MAT08130 
JJ=l MAT08140 
IF(NODN(I).EQ.INSM) GO TO 2 MAT08150 
CONTINUE MAT08160 
CALL TERMI69) MAT08170 
NCOUNTI JJ)=NOUNT( JJ)*1 MAT08180 
LM=NCOUNT(JJ) MAT08190 
IRR=IREPIT+l MAT08200 
TIMEZIIRR)=SMTIM MAT08210 
NODEZI IRR)=INSM MAT08220 
COSTZI IRR)=0. MAT08230 
DO 3 I=1,NARC MAT38240 
LM=INODE(I) MAT08250 
IF( ISTATU ).EQ.O> GO TO 3 MAT08260 
IF(TIMF(I).GT.SMTIM) GO TO 4 MAT08270 
COSTZI IRR)=C0STZ(IRR)*COSTC(I)*C0STV<I)*(TI ME(I)-TIMEN{LM)) MAT08280 
GO TO 3 MAT08290 
IF(TIMEN(LM).GT.SMTIM) GO TO 3 MAT08300 
COSTZIIRR)=COSTZ(IRR)+COSTC(I)+COSTV(I)*(SMTIM-TIMEN(LM)) MAT08310 

CONTINUE MAT08320 
RETURN MAT08330 
END MAT08340 

SUBROUTINE TERM(I) MAT08350 
C MAT08360 
C     THIS ROUTINE WIILL ACT AS AN ERROR TERMINATOR MAT08370 

COMMON/ARC 1/ ARC(500),INODE(500).ONOOE(500),(TIMET(500), MAT00970 
CTARG1(5 00),TARG2(500),TARG3(500),C0STC(500),C0STV(500) MAT00971 
COMM0N/PARA/NNODE,NARC MAT00990 
COMMON /ARC2/ TIME(500),ISTAT(500),PROB(500 ) MAT01000 
WRITE(6,1) I MAT08380 

i    F0RMATJ1X, 31HEXECUTI0N TERMINATED FOR REASON,(5) MAT08390 
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IF(I .EO. 3030) GO TO 2 
CALL EXIT 
WRITE(6,3> 
FORMAT! 25H ARCS ACTIVATED THUS FAR  ) 
00 * J = l.NARC 
IF(ISTATU) .NE. 0)WRITE<6,5) ARC(J) 
FORMAT!IX,AA) 
CONTINUE 
CALL EXIT 
END 

MAT08400 

MAT08420 

SUBROUTINE RANDUIIX,IY,YFL) 
IFUX .NE. 65539) GO TO 10 
CALL RANSET (Y) 

10 CONTINUE 
YFL = RANF(Y) 
YFL = ABS(YFL) 
IY = 1 
RETURN 
ENO 

MAT08430 

MAT08490 
MAT08500 

50 

SUBROUTINE GAUSS(I X,S,AM,V) 
A = 0.0 
DO 50 1=1,12 
CALL RANDUIIX,1Y,Y) 
IX=IY 
A = A + Y 
V=(A-6.C)*S+AM 
RETURN 
END 

MATC85 1C 
MAT08520 
MAT08530 
MAT08540 
MAT08550 
MAT08560 
MAT08570 
MAT08580 
MAT08590 

SUBROUTINE TRIANG(IXT,A,B,C, X) 

THIS ROUTINE 
VARIABLES 
IF(C.EO.A) GO TO 1 
IF(B.EO.A) AM=0. 
IF(B.EC.A) GO TO 2 

AM*(B-A)/(C-A) 
CONTINUE 

CALL RANDUIIXT,IXY.VAL) 
IXT=IXY 
IF(VAL.LE.AM) XI= 
IF(VAL.GT.AM) XI= 
X=A+XI*(C-A) 
RETURN 
X = A 
RETURN 
END 

WILL CALCULATE RANDUM TRIANGULARLY DISTRIBUTED 

SQRT|AM*VAL) 
l.-SQRT(l.-AM-VAL*AM«VAL) 

MAT08600 
MAT08610 
MAT08620 
MAT08630 
MAT08640 
MAT08650 
MAT0866C 
MAT08670 
MAT08680 
MAT08690 
MAT08700 
MAT08710 
MAT08720 
MAT08730 
MAT08740 
MAT08750 
MAT08760 
MAT08770 

SUBROUTINE SGRAPH 71 MAT08780 



DIMENSION OOT(12D MAT08B00 
DIMENSION DARRdCI MATO8SR0 
DIMENSION ARRR<500<-) MAT08900 
DIMENSION ANN(IO) MAT08910 
DIMENSION NBLIPOO) MAT08940 
DIMENSION AVAL!10) MAT08950 

COMMON/TERNN/N0ONI30)tN0DI ,TIMEZ(1000) ,C0STZ < 10*J0) .NJOEZI 1000),   MAT 08820 
CNCOUNT(OO) MAT08«2l 
REAL NODE MAT08340 
COMMON/MODI/ NODE(100),I ARC! 100,10),OARC(100,10),PPOA(100,10),    MAT083 50 
CIARCK l: 0), ; ARCH IOC), ITYPFI 130),OTYPE(100),MNtND(10-), MAT08 6 51 
CTIMfcN(iOO) MAT08852 
COMMON/ITERA/ ITER MAT08rt9) 
COMMON/IDD/ RUNID(2L) MAT0897J 
DATA AVAL/.1,.2,.3,.A,.5,.6,.7,.8,,9,1.0/ MAT089tO 
DATA DOTMH..../ MAT08930 
DATA ANN/IH1,1H2,1H3,1H4,1H5,1H6,1H7,IH8,1H9,1HC/ MAT08920 
DATA D0T/120*1H=/ MAT08610 
DATA TT/1HI/ MAT08790 

C MAT08980 
C     FIRST GENERATE INDIVIDUAL GRAPHS BY NODE                            MAT08990 
C MAT09CCU 
C MAT09010 

DO I J=1,N DI MAT0902G 
LM=N0DN(J) MAT09C3G 
LL=NCOUNT(J) MAT09G40 
DO 3 IZ»it2 MAT09050 
LLK=0 MAT09G60 
00 2 K=1,ITER MAT09070 
IF(NODEZ(K).NE.LM) GO TO 2 MAT09J80 
LLK=LLK+1 MAT0909C 
IF(IZ.bQ.l) ARRR(LLK)=TIMEZ(K) MAT09100 
IFIIZ.F0.2) ARRK(LLK)=COSTZ<K) MAT09lUi 

2 CONTINUE MAT0912Q 
IF(LLK.NE.LL) WRITE(6,109) LLK.LL MAT0913C 

109   FORMATdX, 25HVALUES OF LLK AND LL ARE ,215)                       MAT09140 
IF(LLK.NE.LL) CALL TERM(44A) MAT09L50 
IF(LLK.EQ.O) GO TO 3 MAT09160 
CALL GRAPH(ARRR,LL) MAT09170 
WRITE<6,10) MAT09180 
WRITE(ft.lO) MAT09190 
IF(IZ.EO.l) WRITE(6,U) NODE(LM) MAT09<!00 
IFUZ.EQ.2) WRITE(6,12) NODE(LM) MAT09210 
WRITEI6.10) MAT09220 
WRITE(6,25) RUNID MAT09230 

25     F0RMAT(20X,25AA) MAT09240 
10 FORMAT! 1H ) MAT09250 
11 FORMAT!20X, AAHGRAPH OF COMPLETION TIMES FOR TERMINAL N-OE ,A*)   MAT09260 
12 F0RMATI20X, 44HGRAPH OF COMPLETION COSTS FOR TERMINAL NJDE ,A4)   MAT09270 
3 CONTINUE MAT09280 
I    CONTINUE MAT09290 

CALL GRAPH(TIMEZ,ITER) MAT09300 
WRITE(6,10) MAT09310 
WRITE!t>,lO) MAT09320 
WRITE(6,65) MAT09330 

65    F0*MAT(20X, 39HGRAPH OF COMPLETION TIMES FOR ALL NODES)           MAT093A0 
WRITE(6,10) MAT09350 
WRITE(*>,25) RUNID MAT09360 
CALL GRAPH(COSTZ.ITER) MAT09370 
WRITE(6,10) MAT09380 
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WRITE(6,10) MAT09390 
WRITEI6.66) MAT09400 

66    F0RMAT(20X, 39HGRAPH OF COMPLETION COSTS FOR ALL NOOES) MAT09410 
WRITER,10) MAT09420 
HRITE<6,25) RUNID MAT0943J 
WRITE(btllL) MAT09440 

111   FORMAT(lHl) MAT09450 
DO 200 JJ=l»NODI MAT0946".; 
NCC=NC UNT(JJ) MAT09470 

ROGE = FL0ATINCC)*1000.0/FL?AT(ITER) 
TOG = RCGE - FLOAT! I FIX(ROGE)/l) 
IF([)OG .LT. .5) GO TO 80 
RQGE = ROGE + l.C 

80 CONTINUE 
200 NHLIP(JJ) = ROGE 

DO 201 JJ=ltNODI MAT09490 
JZ = NBLIPIJJJ/100 
JY = (NBLIP(JJ) - JZ*100)/10 
JX = (NBLIP(JJ) - JZ*100 - JY*1G> 
IF(JZ.FO.O) JZ=10 MAT09520 
IFUY.EQ.O) JY=10 MAT09530 

IF(JX .1.0. 01 JX = 10 
KK=NODN(JJ> MAT09540 
LL=NBLIP(JJ) MAT09550 
IF(LL.EQ.O) GO TO 201 MAT09560 

LL = LL/10 
IF(LL .EQ. -)) LL = 1 
WRITE(6,202) <DOT(K),K = l,LL)»TT MAT09570 

WRITF(6,203)N0DE(KK),(D0T(K) ,K*1,LU ,T T.DDT , ANN<JZ),ANN(JY),ANN!JX 
1) 
WRITE(6,204) MAT09590 
WRITE(6,204) MAT09600 

202 F0RMATU1X,1HI,120A1) MAT09610 
203 FORMAT(6X,A4,1X,1HI,120A1) MAT09620 
204 FORMAT(11X.1HII MAT09630 
201   CONTINUE MAT09640 

WRITE(6,13) MAT09650 
13 F0RMAT(12X,10(10H I)) MAT09660 

WRITE(6,14) UVAL(I),I = 1,10) MAT09670 
14 F0RMAT(13X,10(7X,F3.1)) MAT09680 

WRITEI6.10) MAT09690 
HRITE(6(10I MAT09700 
WRITE(6,15) MAT09710 

15 F0RMAT(20X, 27HGRAPH OF NODE PROBABILITIES) MAT09720 
WRITE(6,10) MAT09730 

WRITE(6,25) RUNID MAT09740 
WRITE(6,lll) MAT09750 

RETURN MAT09760 
END MAT09770 

SUBROUTINE GRAPH!ARR.LIM) MAT09790 
DIMENSION ANN(IO) MAT09810 
DIMENSION ARR(LIM) MAT09840 
DIMENSION CAT(50) MAT09850 
DIMENSION ICAT(50),NUMt60),DOT(120),AVAL(10) MAT09870 
DATA D0T/120*IH=/ MAT09890 
DATA AVAL/.1,.2,.3,.4,.5,.6,.7,.8,.9,1.0/ MAT09880 
DATA TERM/IHI/ MAT09860 
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IJATA BLANK/1H / MAT09^3G 
OATA ANN/1H1,1H2.1H3,IH4,1H5.1H6,1H7,1H8.1H9.1H0/ MAT09B2C 
DATA DDTMH,.../ MATC9e00 

HIG=0. MAT0990: 
SMALL = i:000';OO.ri MAT09910 
SSUM=C. MATC9920 
DO 1 1=1.LIM MAT0993C 
SSUM=SSUM+ARRII) MAT0994C 
1F(ARR( D.GT.Bir.) BIG=ARR(I) MAT0995T 
IF(ARR( I ).LT.SMALL! SMALL = ARR(I) MAT09960 

1 CONTINUE MATC9970 
RANGE=BIG-SMALL MAT09980 
IF(RANGE.EQ.O) GO TO 900 MAT09990 
AINT=RA^GE/25. M'.TIOJCC 
DO <• K=l,50 MATIOJIG 

<,    ICAT(K)=0 MAT10020 
00 2 J=l,LIK MAT10230 
AHIGH=SMALL MAT10040 
DO 3 K=l,25 MAT10.50 
KK = K MAT10J60 
AL0W=AHIGH MAT10P70 
AHIGH=ALOW*AINT MATIC;8C 
IF(K.EQ,25) AHIGH=BIG MAT1O09O 
IF< ( ARR( J). >E. AL'.W).AND.< ARR ( JI.LE.AHIGH) ) GO Tj 77 MAT10100 

3    CONTINU: MATIOIIC 
77   ICAT(KK)=ICAT(KK)*1 MAT10120 
2 CONTINUE MAT10130 

SUM=0. MAT1014J 
DO 90 1 = 1,2i MAT10150 

90 SUM=SUM + ICAT( I > MAT10160 
SCAT=C. MAT10170 
DO 91 1=1,25 MAT10180 
CAT( I) = FLOAT! I CAT I I)J/SUM MAT 10190 
IF(CAT( D.GT.SCAT) SCAT=CAT(I» MAT10200 
IFISCAT.EQ.CATII)) ISCAT=I MAT10210 

91 CONTINUE MAT10220 
AINS=.02 MAT10230 
DO 7 1=1,25 MAT1024J 
LM=25-I+1 MAT10250 
NUM(LM)=C MAT10260 
AHIGH=0. MAT10270 
DO 8 J=l,50 MAT10280 
JJ=J MAT10290 
ALOW=AHIGH MAT10300 
AHIGH=ALCW+AINS MAT10310 
IFUCATU ).GT.ALOW).AND. (CAT( D.LE.AHIGH) ) GG TO 20 MAT10320 

8    CONTINUE MAT10330 
GO TO 7 MAT10340 

20   NUM(LM)=JJ*2-1 MAT10350 
7    CONTINUE MAT10360 

VAL=BIG MAT10370 
WRITEI6.101I MAT10380 
WRITEI6.822) VAL MAT10390 

822  FORMAT!IX.F9.1,IX,IHI) MAT10400 
DO 10 1=1,25 MAT10410 
LM=25-I+1 MAT10420 
JZ=CAT(LM)*10. MAT10430 
JY = CAT(LM)*100.-jZ*n MAT10440 
JX = CAT(LM)*1000.-JZ*100.-JY*10. MAT 10450 
IF(JX.EO.O) JX=10 MAT10A60 
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IF(JY.EU.O)    JY = 1C 
IFIJZ.EQ.O)   J/=10 

VAL=VAL-AINT 
101       FORMAT(lHl) 

NUMB=NUM(I) 
IF(NUMB^GT.in)   NUMB = U0 
IF(^UMB.EQ.Q)   GO   TO   15 
NUMB=NUMB-1 
WRITE: (6,12)    (DOT(K),K=l,NUMrt)fTERM 

12 FORMATIIX,10X,1H1.120AI) 
WRITER, 11 >VAL, (O0T(K)fK=l, NUMB), TERM, BL ANK ,DDT , ANN UZ ) , ANN < JY) 

C,ANN(JX) 
11 FORMATI IX,F9.1,IX,1HI.12QA1) 

GC   TO   10 
15 WRITE(6,80) 

WRITE(6,81)    VAL 
80 FORMAT! 11X,1HI ) 
81 FORMAT! IX,F9.1,1X,1HI) 
10   GONTINUF 

WRITE!6,13) 
13 FORMATI 12X, 10( 10H I) ) 

WRITE<6,14)    (AVAL( I),1=1,10) 
14 FORMAT!13X,10!7X,F3.I) ) 

AMEAN=SSUM/LIM 
SSO=0. 
DO 800 1=1,LIM 

800 SSQ=SSQ><AMEAN-ARR( I) )**2 
SDUM=0. 
DO   801   1=1,25 
SDUM=SDUM+CAT< I ) 
1F(SDUM.LT.0.5)   GO   TO   801 
AMED=SMALL+!I-1)*AINT*AINT*« SDUM-CAT( I ))/SDUM 
GO   TO   8 32 

801 CONTINUE 
802 CONTINUr 

AMODE=SMALL+AINT*<I SCAT-1)+AI NT/2.0 
AVAR=SSQ/LIM 
WRITE<6,810) 

810 FORMATI1H   ) 
WRITE (6,8 ID   AMEAN,AVAR,AMEO,AMCDE 

811 FORMATI    13H   THE   MEAN   IS   ,F10.2,    18H 
C 16H      THE   MEDIAN   IS   ,F10.2,    14H 

RETURN 
900     WRITE(6,101) 

WRITEI6.902) BIG 
902  FORMATI IX, 49H ALL VALUES IN THE ARRAY ARE IDENTICAL ,AND ARE =, 

C  F12.4) 
RETURN 
END 

THE VARIANCE IS ,F10.2, 
THE MODE IS ,FIG.2> 

MAT10470 
MAT10480 
MAT10490 
MATlOSOu 
MAT 105 10 
MAT10520 
MAT10530 
MAT10540 
MAT10550 
MAT10560 
MAT10570 
MAT10571 
MAT10590 
MATlObOO 
MAT10610 
MAT10620 
MAT10630 
MAT10640 
MAT10650 
MAT10660 
MAT10670 
MAT10680 
MAT10690 
MAT10700 
MAT10710 
MAT10720 
MAT 10730 
MAT10740 
MAT10750 
MAT1076G 
MAT10770 
MAT10780 
MAT10790 
MAT 10800 
MAT10810 
MAT10820 
MAT10830 
MAT10840 
MAT10850 
MAT10860 
MAT10870 
MAT10871 
MAT10890 
MAT10900 
MAT10910 
MAT10920 
MAT10921 
MAT10940 
MAT10950 

BLOCK DATA 
COMMON/IDD/ RUNIDI20) 

COMMON/PARA/ NNODE,NARC 
C0MM0N/ARC2/ DUM(500),IDUM(500),DUMA(500) 
C0MM0N/ARC1/ BDUMI500),JDUMI1500),CDUM(2500) 
COMMON/NODI/ KDUMI2100).ZDUMI1000),LDUM(500),YDUM(100) 

COMMON/TERNM/LLDUMI31),ABBBI2000),KKKL(1030) 
COMMON/TERNI/ KJOUM(ll) 
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MAT10960 
MAT 10970 
MAT10990 
MAT11010 
MAT11030 
MAT11050 

MAT11090 



DATA KJDUM/11*1/ 
DATA NN.DE/J/,NARC/C/ 
DATA DUM/500*0.0/ 
DATA IDUM/5)0*0/ 
DATA DUMA/500*0.0/ 
DATA BDUM/5G0*0.0/ 
I1ATA JDUM/lSOn*C/ 
DATA CDUM/2500*0.0/ 
C ATA KDUM/2100*0/ 
DATA ZDUM/IOOO*O.O/ 
DATA LDUM/5 30*0/ 
DATA YDUM/1}0*0.C/ 
DATA LLDUM/31*0/ 
DATA ABBB/2000*0.0/ 
DATA KKKL/1030*0/ 
DATA RUNID/20*^H 

END 

MAT11100 

MAT1098C 
MAT 1111;, 

SUBROUTINE DUMP1 
COMMON/PARA/NNODF.NARC 
COMMON /ARC?/ TIME!500)tISTAT(500»»PROB(500) 
WRITE(6,1> 

1 FORMAT!IX, 21HC^MING THROUGH NODCHK) 
WRITE(6,2) (ISTAT(K»,K=1,NARC) 

2 FORMATJ 1015) 
RETURN 
END 

M4T1 
MAT1 
MAT1 
MAT1 
MAT1 
MAT1 
MAT1 
MAT1 
MAT1 

1120 
113C 
11 AC 
1150 
1160 
1170 
1180 
1190 
1200 

SUBROUTINE DUMP? 
COMMON/PARA/ NNODE.NARC 
COMMON /ARC2/ TlME(500)tISTAT(500),PROB(500> 
WRITE(6,1) 

1 FORMAT! IX, 21HC0MING THROUGH ARCCHK) 
WRITE(6,2) (ISTAT(K),K=1,NARC) 

2 F0RMAT110I5) 
RETURN 
END 

MAT1 
MAT1 
MAT1 
MAT1 
MAT1 
MAT1 
MAT1 
MAT1 
MAT1 

1210 
1220 
1230 
1240 
12 50 
1260 
1270 
128G 
1290 

SUBROUTINE UN IFRM(I XT,A,B,C,X) 

C 
c 
c 
c 

THIS SUBROUTINE WILL CALCULATE UNIFORM DISTRIBUTED 
VARIABLES 
PA ADDITION TO PROGRAM AT 8 DEC 70 
CODE NUMBER IS 3 

IF( C .EO. H I GO TO 1 
IF( B .NE. 0.0 ) CALL TERM! 1001) 
CALL RANDUIIXT,IXY,VAL) 
IXT = IXY 
X = A • VAL * (C - A ) 
RETURN 

1 X = A 
RETURN 
END 76 
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GENERAL FLOW CHART AND LISTING OF RISCA 
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Thts appendix Includes a general processing flow chart for 
RISCA, but It does not Include a description or flow chart of the 
individual subroutines.  A detailed description and flow chart of 
the Individual subroutines are provided In Appendix III.  In addition 
to the flow chart, a complete program listing Is provided. This 
version of RISCA is designed to run in a batch mode only, although 
the interested user could certainly adapt this program for a time 
sharing mode. 

RISCA is written in FORTRAN IV.  Even though FORTRAN IV 
is considered to be a standard language, adapting the program for 
any computer will probably require minor program modifications. 
These modifications generally result f rom pecuI iarities of the given 
system. 

Unlike MATHNET, the RANDU subroutine In RISCA contains its' 
own uniform random number generating routine. Therefore, no modifica- 
tion in this area Is required. 
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START 
1XXX=0 

CALL RANDU 
IXX=IXXY 

CALL 

REPID 

READ NAME OF 
NET + SET 

ITERATIOJ 
RETURN 

d> CALL 

ARCIN 

READ  IN ARCS 
AND ASSOCIATED 

DATA 

READ IN 
ANAME, 
ADNODE, 

P1.P2. 
C2,D 

\\J    I IN 

.AINODE, /"~~ 
E.IDIST, +J        RETURN 
2.P3.C1 V        

d> CALL 

NODIN 

READ IN NODE 
NAMES & ASSOCIAT. 

DATA 
RETURN 

G> CALL 

SCAN 

WRITE 
SUMMARY 

OF  NET K RETURN 

G> CALL 
RUNSYS 

CONTROLS 
RUNNING 
OF NET RETURN 

d> CALL 

EXIT 
STOP 

Flow Chart of "RISCA" 
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c 
c 
c 

c 
c 

c 
c 

50 
1 

COMMON/RAliC/ IXX 
PKOGKAM RJSCA 
THIS IS THE MAIN ROUTINE 

IXXX-0 
CALL RANDIM I XXX,IXYY,RVAL) 
IXX=IXYY 
CALL REPIP 
CALL ARCIN 
CALL NdDIN 
CALL SCAf: 
CALL RUNSYS 
CALL EXIT 
STOP 
END 
SUBROUTINE RANDUd, J,RAN) 
n t I.EO.O) i-iuiiiii 
J"l*?5 S J«J-( J/671088M)*671088ft4 
J-J*25 * J"J-(J/67108864)*67108864 
J»J«5  S J«J-(J/67108864)*67t08864 
RAN»FLOAT(J)/67108864f S RETURN S END 
SUBROUTINE REPID 
READS IN NAME OF NET AND SETS ITERATIONS 

COMMr.N/ITt'RA/ITER 
COMHON/IDD/ RUNID(20) 
KEAn<5,2) RUNID 

F"0RMAT(25A4) 
ITER-5C0 
KETURN 
END 

SUBROUTINE   ARCIN 
THIS   ROUTINE   WILL   SERVE   TO   READ   IN   ARCs   AND   ASSOCIATED   DATA 

COMMON/ARC1/ARCUOO),INODE(10G),ONODE(100),ITIMET(100>,TARG1< 
1TARG2( 100) ,TAPG3U00),COsTC( 100),C0STV( 100) 
COMMON/PAPA/NNODErNARC 
COMMON /ARC2/ TIME(100),I STAT(100),PROB<100) 
COMMON/NODI/ NDDE( 100), IARC( 100, 10),CARC< 1.00,10) ,PpOA( 100, 10) 
llARCI(100),OARCl<iOO),ITypE(100),OTYpE(lOO),MNINDUOO), 
2TIMEN(100) 
REAL NODE 
INTEGER   OARCI,OARC 
INTEGER  DNODE 
DATA   RETC/4HRETUY 

READ(5,1)    ANAME,AJN0DE,A0N0DE,IDIST,P1,P2,P3,C1,C2,D 
FORMAT (3A4,U,3F10,0,3Fi 0.0) 
IF(ANAME„EU.RETC)   RETURN 
NARC-NARC+1 
ARC(NARC)»ANAHE 
ITIMET(NARC)"IDI3T 
TARGKNARCI-P1 
TARG2(NARC)«P2 
TARG3(NARC)«P3 

MAT00010 
MAI 00020 

MAT00110 
MAT00120 

MAT00590 

MAT05180 

100) 

MAT07920 
MAT07940 
MAT07950 

MAT07990 

MAT08010 
MAT08020 

MAT08040 
MAT08050 
MAT08080 
MAT08060 
HAT08070 
MAT082J>0 
MAT08260 
MAT08270 
MAT082B0 
MAT0B290 
MAT08300 
MAT08310 
MAT08320 
MAT08330 
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COSTC(NARf;)«Cl HAT08340 
r0STV(NAM.)-C2 MA1083b() 
PKOR(NARC)»P MATO 13 
IF(NNODF.EQ.O) GO TO lO rA1083/n 
DO 9 I«l,MNnDE MAT083M0 
I SAVE" I MAT083«>n 

C     I SAVE SIHFLY KEEPS VALUE OF 1 TO USE OIJT Oh UO LO"P MAI084l)n 
IF< AIN(PDF:.EQ.MODE( i)) no  TO n MATO84JO 

0    CONTINUE MAT0841>0 
10 NNOJ)F"MNOIIF>1 MAT084J0 

NODE<NNriDK)«AINODF. MAT08440 
iNODf(NARC)«NNODE MAT084bO 
f»ARC(NHnnt'#l)»NAPC MAI08460 
0ARCI(NHOnE)"i MAT08470 
GO TO 12 MAT08480 

11 lNOJlF(NARC)"IPAVE MAI08490 
0ARC1( I SAVE >»0 ARC I ( ISAVFJ + 1 MAT0850 0 
LM«OAROI(ISAVE) MAT08510 
0ARC( ISAVt:,LM)-IJAnc MAT08520 

12 CONTINUE MAT08530 
no 20  i = i,NNinnE MATO8540 
ISAVE-I MAT08550 
H ( AONOnr,E(l.NODEU ) ) GO TO 30 MAT08560 

20   CONTINUE MAT085/0 
C     WE HAVE A NEW NOTE MAT08580 

NNOPE-Nf.OTiE + 1 MAI 08590 
fiODE(NNfir-F)«AnNODF MAT086U0 
ONODE(NARC)"NNODE MAT08610 
TARCINNODE, l)"NARC MAT08620 
I ARCI<NN0PE>»1 MAT0B630 
00 TO 40 MAT08640 

30   ONODCINAPO-ISAVE MAT08650 
1 ARC I(I SAVE)-I ARC I(ISAVFl-H MAT 08660 
LM-IARC!( ISAVE) MAT08670 
IARC< ISAVF,LM>«t'ARC MAT08680 

40 CONTINUE MAT08690 
GO TC 50 
END MAT08710 
SUBROUTINE. NODIN MAT00600 

C     THIS ROUTINE WILL READ IN NODE NAMES AND DATA                       MAT00610 
C MAT00620 

COMMON/NODI/ NODE(100),IARC(100,10),OARC(100,10),PpOA(100,10),    MAT0064 0 
1IARCI(100),OAPCI (100),ITYPEUOO),OTYPE(100),MNIND« 100), MAT00660 
2T1MEM100) 
REAL NODE MAT00670 
DIMENSION DDUM(IO) MAT00680 
COMMON/PARA/ NNODF,NARC MAT00690 
COMMON/TFRNN/ NODN(30),NODI,TIMEZ<500),COSTZ(50 0), NODEZ ( 500), 

1NC0UNTJ30) 
COMMON /ARC2/ TIMC(100),ISTAT(100),PROP(100) 
COMMON/ARC1/ARC(100),INOnE(J00),ONODE(lOn),ITIMET<100),TAR91(100), 
1TARG2U00),TARG3<100),COSTC(100),COSTV(100) 
DIMENSION ZNAM(10),ZPROB(10),IZNAM(10),YI(10),YO(10) MAT00750 
INTEGER OARCOARCI MAT00770 
COMMON/TEPNI/INODKIO),INODT MATO 0790 
INTEGER OTYPE MAT00800 
DATA CZZ/4HZZZZ/ MAT00760 
DATA RETC/4HRETU/ MAT00780 
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HA I Of'8 J (I 

20 r?LAD(b,4P)    AMJM, Il.UM, TOPUM 
40        FORMAT!A4,I1,11) 

If ( ADUf'.f O..RETC)   RETURN 
Pti   100   I=I,NNODF 
MDUM»I 
IMNOIlfrl 1 I.EO.ADUM)    GO   TO    1 01 

100 CONTINUE 
NN0r>fc>NNfil)E.*l 
NDUMBNNODI 

101 IT¥Pt(Mlh|i)«IDUM 
OTYPK(NDUH)»IODUM 
IF< ITYPF(MDUM).EQ.4) GO TO 90 

C     ITYTF-4 MEANS INITIAL NODE 
II ( I TYFF CIICUM ) .EQ.6) 60 TO 400 

C     ITYPE-6 MEANS WE HAVE A 1/1 NODE WITH A NEGATIVE INPUT 
If (JTYPF(MjUM)fEQ.5) GO TO 60 

C     1TYPE" 5 MEANS A 1/1 NOPE WHICH MEANS WE MUST READ 
30   II- (OTYFF(|!DUH> ,E0,2) GO TO 70 

C     0TYPE*2 irANS PROBABILISTIC FIRINGS..WE MUST REAp 
1MOTYPF (fiDUM) .EQ.4) GO TO BO 
IK(OTYPF(hDUM) .EQ.7) GO 10 400 
GO TO 20 

60   CUNTINUF 
C     INSERT READS HERE FOR 1/1 NODES 

PtAMb, 303)  MM, (VI( I >,YO<I),I•1,MM) 
303  FOKI'Al ( \Z,  101A4,A4) ) 
203  FOKPATU2, 10<A4,Fl..3> > 

no 30f> L»I ,UAPC 
DO 3Gb K»1,MM 
1F(AKC(L),EO,YI (K> ) 
IF( ARC(l.) ,EQ.YO(K) ) 

306  CONTINUE 
305  CONTINUE 

GO TO 20 
70   CONTINUE 

C     INSFRT READ FOR PROBABILITIES 
220  RLAD(b,203) NM, < ZIIAN ( I ), ZPROBU ), I "11 NN> 

JFINN.NE.OARCI(NDUM)> CALI TERM(l) 
DO 20b I"1,NN 
DO 206 J«1,MN 
JJ«J 
LM«OARC(hDUM,I) 
1F(ZNAM(J).EO.ARC(LM)) GO TO 207 

206 CONTINUE 
CALL TERM2) 

207 PPOA(NDUM,I)«ZPR0D(Jj) 
205  CONTINUE 

GO TO 20 
80   NODI"»NOPI + 1 

NODN(NOM )«NDUM 
GO TO 20 

90      IN0DT«INODT+l 
INOI5I ( INOpTI-NDUM 
GO TO 30 

400 CONTINUE 
420  READ<b,303> MM,(YI(I),YO(1),l»l,MM) 

DO 405 L"1,NAPC 

IN ORDERING^ 

IN PKDBABILITYS 

MAI 0 
MAI D 
MAI 0 
MA10 
MAI 0 
NATO 
MAI 0 
MA10 
MA I C 
MAIC 
MAIO 
MAI 0 
MA I 0 
MAIC 
MAI n 
MAIC 
MA 10 

IAPC(NDUM,K)' 
OARC(NDUM,K) 

1 U<< 
1 lbO 
11*0 
11/0 
I lhfl 
II y n 
l?on 
l?in 
12^0 
12.50 
1240 
12b0 
12Mi 
l?/0 
12b0 
\2StO 
1 3 un 

MAI ni^n 
MAI 01330 
MAI 01340 
MA101420 
MAT0143O 
MA I 0 1440 
MA1014b0 
MAI 014*0 
MAI014/O 
MAI014ttO 
MA101490 
MAI 01 500 
MA101510 
MAI01520 
MA101530 
MAT0162O 

MAT01640 
MAT016&0 
MAIOlbbO 
MAI01670 
MAT01680 
MAT01690 

MAI01710 
MA101720 
MA101730 
MATC1740 
MAI01750 
MA1017hO 
MAT01770 
MA1017P0 

MA101900 
MA1P1910 
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4 06 
405 

C 
c 

00 ACb   Kri,Ui 
If ( A l< C < I  ) ,EC,YI (K) )    IAPC(Nt,UM,K)-L 
IFfAkCd  >.fc<3.Y0(K)l    OARC<NDUM,K)=L 
U (YI (K >.IQ.CZZ)    !APClNnuM,K)«lUO 
( UNTINI• F 
CONTINI'F. 
1 AivCI (HniJll)»IARCI (NPUM) + 1 
GO   TO   ?P 
Clip 
SUhROUTJIf    SCAN 
PRIMS   A   SUMMARY   OF   NFT 

MA TO 1920 
MA I 019.5 0 
MAI 01940 

MAT019M> 
MAI01970 
MA I 01980 
MAI 01940 
MAI021MO 
MAI07230 

MA I r,793fi 

CdM»'.0 
CDMM 

COMMO 
rcMt'o 
COMKO 
ITAHG2 
cci MMO 
CUMVO 
llARCI 
?T)MFN 

CO MM 
lMCOl'fi 
RtAL 
!riTr.G 
MNEN 
DATA 
OATA 
PATA 
T1ATA 

OH 

N/ 
N 
•;/ 
i l 
M/ 
M/ 
( I 
( 1 
ON 
Tl 

UCi 

EP 
si 
TY 

IN 
DIJ 

I T F K A / 
/IT!)/ 
RA|;C/ 
/AFC2/ 
AFC1/A 
0 0 ) , T A 
PAPA/ 
I.<'M/ 
0 C ) , 0 A 
Of.) 
/TfhNIi 
30) 
nr 

M or>F. 
nn TYP 

pr/'Nt 
RUl./'A 
TPI L/' 
l/'NO 

ITF.R 
RUH111(201 
IXX 

TIM£<100),I ST ATI1G0),PROH<100) 
PC (100), INODFI ioo),r>Nunt (IOO),ITU!FT<JOO),TARGKIOO>, 

KG3(ino>,cnsTC(ino),coSTV<ion) 
NNODErMARC 
NOrE( ion),iARrnoo,iO),OAhC(ion 
FCI(in0),lTYpF(100),OTYpE(K)0), 

MA m/?t>o 

MA I 072^0 
,10),PpOA(100,10), MA1073UO 
MNlNn'lOO), MAT07310 

/ i'opM(30),Nnni,TiMEZ(5on),(;csTZ(50n),NOntz(5on), 

,CTYPE,OARCI 
K<4), INRUl. ( 7 ) , 0UTRUL(7),Rul (54) 
PM','TR1 ' , MiNIF','CON •/ 

MAI073J0 
MA I 07340 

NO 
ALL 

,"OR  ', ' 
','PPnP', 

INIT','1-1 
'TERMi,'1-1 

•,'1-lB'f 'PREFV 
','1-1B','PKKF'/ 

YES'/ 
MA1073bO 

ARC iNp NOpE 
ARCS 

OUT Mont 

3 

2 

50 

51 

c 
c 

WRITF(f>,4) RUN ID 
i rOKMATI lhl,25X,2[.A4) 
WRITE(6,7)   TTFR 
FORMAT(50X,I 5,2X," ITERATIONS') 
WRITE(6,50) 
WRITE(ft, 1) 
FORMAT! 1M0, IX, ' 

1* ARc2 
2'COMP') 
WRITE!6,SO) 
no 2 i»l, ri A Rr: 
LM»D;CDF(1 ) 
lN»ONOnE<I) 
LT«ITIMFT<I) 
WRITE (6, 3) ARC( I ),NODE(l.M) , NOPE UN) ,TYpF(LT) 
1,TARR2(I>,TARG3(I),COSTC(I>,C0STV(1),PR0B(1) 
FORMAT(2X,A4,5X,A4,8X,A4,9X,A4 ,3<3X,F|0 .2>, 
12H T,7X,r4.2) 
CUNTINUF 

NOW WRITF OUT ARCS ANn ASSCCIATEP DATA 
WRITE(6,bC) 
WRITC(6,50) 
FORMATdH ) 
WRITfc<*,51) 
FORMAT!IX,'    NODE 

TIME 
COST 

DIST ARG1' 
P OF ' 

MAlC73f-n 

MAT07390 
MAT074U0 
MA107410 

,TARGK I ) 

4X,Fl0.2,3H • ,F10.2, 

NO. OF INPUT AROS   NO. OF OUTPUT 

MAT07460 
MA107470 
MAT0748D 

MAT075UO 
MAI07510 
MAT07520 

ARCS',MAI07530 
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61 
60 

C 
C 

20 
C 
C 
C 
C 
c 

c 
c 

10 
1 

61 

1'    INPUT RULE    OUTPUT PULE •) 
TE<6,^n) 
60 I = 1,NN()DE 
n YPF< i) 
=OTYPF ( I ) 
TL(6,t<l )    Ii0nr.< I ), 1ARCI ( I ),OARCI < I ), I NRIIL ( I K ) , OIlTNUL < I OR) 
f'AT(3X, A4, 15X,I2, 15X, I?,19X,A4,I3X,A4> 
TINUF 
URN 

WKI 
DU 
IK» 
I UP 
U K I 
PUP 
CUM 
RET 
END 
T,UB 
TH1 

MA I O75h0 

ROUTIhE   PUIISYS 
S ROUTINE CONTROLS ThE PUNNING OF A NET 

CUrMC)N/lPR7/IREPIT 
COMKON/KKINTt/KIND 
comoN/APci/APci ioo), INODF.<ICO),OMODE( IOO),ITIMET<IUO),TARG 

1TARG21100),TARG3<100),COSTC(100 I , COSTV ( 100) 
curi:oM/iTr KA/lTER 
COMMON /AFC2/ TIME(100),1STAT(100),PROB(100) 

COMKON/RUNER/ ITERMS 
CUMMON/MHIT/SMTIM, INSH 
COMMON/TERNN/ M0DN(30),NOT 11T1MEZ(50 0),COSTZ<500>,NODEZ(50 

INC0UNTC30) 
COMMON/Nupi/ KOpEf100 I,I ARC(100»10)rOARC(100»10),PpOA(100r1 
llARCI(100),OARCI(10Ci),ITYPE(100),OTYpE(100),MNINDilOO), 
2TIMFN1100) 
CnnCOM/PAr,A/MJODE,NARC 
COMPON/TLRNl/ I NOP I ( 10 )f IN&DT 
INTEGER ('ARC, OARCI,OTYPE 

SIT NUMBF-R OF ITERATIONS SO FAR TO 0 
iKePIT-fi 
SMTIM-999999.0 

AbOVE INITIALIZES SMALLEST TERMINAL FINISH TIME TO A LARGE 
THE FOI.LOUING CODE SETS THE INUlCATER OT WHETHER OR NOT 
A TERMINAL NODE HAS BEEN FILLED TO INDICATE NO, 

ITt"MS««0 

NODES 

ALLFIR(LM) 
PROFIR(LM) 

NOW FIRE INtTIAL 
DO 10 I«=l,INODT 
LM-INODI ( I) 
TIMEN(LM)-0. 
IF(OTYPF(LM).EQ.l) CALL 
IF(OTYPEILM).E0.2) CALL 
CONTINUE 
CALL ARCCKK 
CALL NODCflK 
IF(KIND.EG.0) GO TO 60 
IF(ITERMS,EQ.O) GO TO 1 
CALL ENDIT(KEY) 
IF(KEY,EG.0) CO TO 1 
CALL PTERM 
I KEPIT" IF-TP IT+1 
IF( IREPIT.EQ.ITER) CALL SPRAPH 
1F( IREPIT.tQ.ITER) RETURN 
PD 40 I«l,NARC 

MATC75*0 
MAT075<>0 
MAIG76O0 
MA 105440 
MAIC55U0 
MAI G55I 0 

MATC5b?0 
1 ( 100), 

MAT055t)O 

MAI 0b"S/ii 
MAl05!^hO 

0), 

0),     MAI0f>61fl 
MAI 05620 

MAI056*0 
MAT056S0 
MA 105660 
MAI056/O 
MAT05660 
MAT05690 
MAT05710 
MATG5730 

NUMBER MA105720 
MAT05740 
MAT057bO 
MAT05760 
MAT05770 
MAT05790 
MAT057M 
MAT05800 
MAT05810 
MAT05820 
MAT05840 
MAT05850 
MAT05860 
MAT05870 
MAI 05880 
MAT05890 
MATG59U0 
MAI059JO 
MAT05940 
MAI 05950 
MAT05960 
MAT05970 
MA105980 
MAT05990 
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4D 

5 0 

ISO 

c 
c 

NODES HAVE FIRED 
CALL   TFRM</) 

TERMINAL   NIUTS   HAVE BEEN   FILLED 

II-   ThETE   If>   A   TEff'lNAL   "ODE-ENP   ITF.KATIoN 

r   ALLFIR(I) 
OUTPUT   ARCS 

C 
c 
c 

T!ME(I)"0. 
I -s T A1 ( I )=(i 
CONTINUE 
ri(i  50   I«irNNrij)F 
TlMFMI>*0. 
CfiNTIMUr 
BO   TO   20 
COMF.   HERE   IF   HO 
If ( ITERHS.tQ.O) 
no AHovf-   IF nr 
Gli   TU   <>\ 
no AUOVF 
Er;p 
SliBFuuT II 
F1KT    Al I 
COMTON   /ARC?/   TIMC<100),ISTAT<100),PROM 1001 
CDMHON/NOPJ/   NCDE(10O),lAf?C(10O,10),OAHC(lOO,10),PpOA(lOO,lO), 

MARTI< 10O),OARCI<J00),ITYpE(in0),OTYPE(100>,KNlNp(100), 
2TIf'LN( ) 00) 

REAL Nonr 
INTEGER   (AKPI/OARC 
I 1«C.ARC! ( 1 ) 
nc   l  K=I,JI 
KC."PARC( I, K. ) 
ISTATIKK)el 
CONTINUF 
FLTI^RN 
Ef:P 
SliHRnuTll'E    PKOFIRM) 
FlKC   NODE   I   USING   STUCHASTIC   CONSIDERATIONS 

COMMON   /ARC2/   TlMt( 1110), ISTAT(100),PROB( 1001 
CtJMHON/NOni/   HOfiEt 100),lAPC(100,10),OApC(100»10),PpOA(100,10), 

1 UKCI ( 100) ,OARCI ( 100), ITyrM 1GG),0TYPE< 1 00 ), MM ND < 1 00 ), 
2T1MEM 100) 

REAL   NOTiK 
COMMON/RAI'C/ IXX 
INTEGER OAKCfOARCIfOTYPF 

IXXX«=IXX 
CALL   RANPtM IXXX, IXY/RVAL) 
IXX-IXY 
AHIGH'O, 
I I-OARCI(I) 
Dti    1   K«1,Il 
KK-0ARCI I,K) 
AUOW«AHIGH 
AHIG»t»Al.Oi;*PPnA( I fK) 
IF((RVAL,GE.AL0W),AHD.(RVAL.LE.AHIGH))    CO   TO   2 
CONTINUF 
CALL   TERIH3) » 
ISTAT(KK)»1 
RETURN! 
END 
SUBROUTINE ARCCHK 
IF INITIATEPBCHECK PROBABILITY OF COMPLETION 
IF COMPLFTEOfiCALCULATF TIME AND COsT 

f A T 0 6 01 0 
MA106u?n 
MAI 06030 
r. A i o ft o <i o 
MA 1 C60SO 
MAI06070 
KA1 060tui 
MAI06090 

MA 106110 
M A1 0 612 n 
M A | 0 f> 1 3 0 
MAI06110 
M A 1 0 2 ft 0 0 
M A | 0?R 1 li 

M A i n 2 « 3 n 
MAI02R1O 

MAI (.2B60 
MAI02B/0 
MAI02BSO 
MAT02B90 
MAI C29M0 
MA1G2910 
MAI 02920 
MA[C29bO 
MAI 02960 
MAT02RS>0 
MAlG2f»60 
MAT077bO 

MAI025HC 
KAT025<»0 

MA102610 
MAI02620 
MAI02630 
MAI026d0 
MA1026b0 
MA102660 
MAT02670 
MA1026i>0 
MAI 02690 
MAI02700 
MAT02710 
MAI 02720 
MA102730 
MA102740 
MA102750 

MAT02770 
MAT027HO 
MA102790 
MAT02190 
MA102200 
MAT02210 
MAI02220 

65 



2 
1 

C 
C 

50 

C 
C 
C 

COMMO 
TOMMO 

COMMO 
1TAKG2 
COMMO 
COMMO 

IIAKCI 
2TIMCN 
RF AL 

no l 
ixxx» 
A«=TAR 
B«TAK 
C-TAK 
IF ( IT 
inn 
IF ( IT 
I f ( I T 
IXX=1 
Lfi-IN 
TlME( 
I f ( I S 
IT (PR 
IXXX- 
CALL 
IXX.al 
ir<Pv 
I ST AT 
no TO 
ISTAT 
CONTI 
RLTUR 
END 
SUBPO 
CALCU 

A*0,0 
DO 50 
CALL 
IX-IY 
A-A + Y 
V-(A- 
RETUR 
END 
SUBRO 
THIS 
VAKIA 

I F ( ( C 
AH»(B 
CALL 
IXT-I 
IF (VA 
IFIVA 
X«A*X 
RETUR 
END 

N/KArC/ IXX 
N /AF.C2/ TJMC( 10C),1STAT(100),PROB< JOO) 
N/ARn/APC( 100),INODF(100),0N0DE( I On), ITIMET< 100),TARG1<100) 
(100),TARG3<100),COSTCM00),COSTV<100> 
N/PARA/ NNODF,NARC 
N/NOpi/ NOr.£( 100>,IARC(100,10),OARC( 100,10),PpUA(ion,10), 
( 100),OAPCI( 100>,ITypE(100),OTYPE(lOO),MNlNl)(100), 
( 100) 
NODF. 

I«l, NARC 
IXX 
GI ( 
G2( 
G3< 
IMF 
IMF 
IMF 
IMF 
XXX 
ODF 
I)« 
TAT 
or< 
IXX 
RAN 
XYY 
AL. 
( I) 

1 
(I) 
MUF 
M 

( I ) 
II) 
( I ) 
•T(I).EO.l) CALL GAUSS(IXXX,B,A,TVAL> 
rT(l).F0.2)CALL TR I ANG(I XXX,A,B,C,TVAL) 
*T( I 1.EQ.3) CALL UNIF< I XXX, A, b, TVAL) 
•T(1).F0.4) TVAL-A 
< 
r(I) (I) 
TVAL*TIHEM(LM) 
(l).NEtl) GO TO 1 
i).ro,i.)&o TO 2 

DIMTXXX, IXYY,RVAL) 

LE.PROP(I))   GO   TO   2 
• 3 

-2 

tlTTML* GAIISS( IX,S,AM,V) 
LATF5 NORMAL DISTRIBUTED VARIABLES 

1-1,12 
RAHD1M IX,IY,Y) 

6,0)«S*AM 
N 

UT1NE TRIANG(IXT,A,B,C,X) 
ROUTINE WILL CALCULATE KANDUM TRIANGULARLY DISTRIBUTED 
BLF.S 

A).EQ.O,) CALL TERM(9) 
A)/(C-A) 

,IXY,VAL> 

XI-5QRT(AM*VAL) 
XI»l,-SQRT(l,-AH-VAL*AM*vAI.) 

-A)/(C-A) 
RANplM IXT,1XY,VAL) 
XY 
L.Lt.AM) 
L.6T.AM) 
I*(OA) 
N 

MAT022vii 

MAT 022/n 
MAI 0221-0 
MA102290 

MAI023in 

HAT02320 
MAT 023.10 
MAI0?3*C 
MAT023bfi 
MAT0?3h0 
MAT023/P 
MAlC238n 
SFP 7 0 

MAI 02390 
MAI 02400 
MAI024)0 
MAI02430 
MA I 02440 
MAI024bO 
MAI 024f>0 
MAT02470 
MAI 02480 
MA1024yO 
MAT02500 
MAT02510 
MAT02S20 
MAT02b30 
MAT02540 
MAT0540P 

MAT0b410 
MAT05420 
MAI0b430 
MAT05440 
MAT054b0 
MAT05460 
MAT05470 
MAT05480 
MAT07110 
MAT07190 
MAT072U0 
MAT071B0 

MAT07120 
MAT07130 
MAI07140 
MAT071bO 
MAT07160 
MAT07170 
MAT07210 
MAT07220 
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c 
c 
c 

c 
c 

22 

30 
31 
32 

susruuTii i: IIMF I IX,&PT,PES,VAU 
CALCULATf'S UNIFORMLY M SU: I RllTE U VARIABLES 

CALL RAtjr.iu ix, IY, Y> 
I - = i Y 
VAL=<iPT*YMPFS-OPT> 
RETURN) 
END 
SUhRtiUT I I.K   NODCHK 
SEE   HH/T   IH'DES   ARl"   REAflY   TO   FJRE,riRE   THOSE   THAT 
ARE   READY 

COMMON/PAR»/NNODE,NARC 
cor^'oN/Nom/ NOPE(10O),IAPC<IOO,IO),OARCUOO,IO),PPOAUOO,IO), 

1 IAKCM 10(1) ,OARXI ( 100) , ITYRfK 100),OTYpE< 100),MNINn< 100), 
2TiME"li( IOC) 

COMMON   /APC2/   TIME(IOO),ISTAT(100),PROB(100) 
INTEHET   OTYPF.,0ARCI,0ARC 
COMMON   /KKIMH/KIN!) 
REAL Nimir 

SKI-   /n 

K i Nfl 
PC)    1 

IF( I 
IF (I 
IK (I 
IF < I 

IF ( 
IF(J 
KIND 

'0 
1 = 1,1 rinnr 

TYPF( I ),F:O.D   CALL   ANPTST<IL,J) 
TYFF< I ).FCJ.2)   CALL   ORTSTUL»J) 
1 YPM I ) ,FQ.b>    GO   Tn   30 
TYFF( 1 ) .FQ.6)    r,0   Tfl   3) 
ITYPF'I>.FQ.7)    GO   TO   32 
.EC.O)  en TO l 
•KIND*] 

INPUT   ARCS 

CO   TO   22 
1STATILM)' 
ISTATdM)' 
1STAT ( LM)i 

NOW   ZERO   OUT 
IRX = 1AFCI< I ) 
00   22   KI»1,1RK 
Lf!«IARC< I, 1 J) 

IF(ISTAT<LM>.F.n.U> 
IF(ISTAT<LM>.E0.2> 
1F(ISTAT<LM).E0.3) 

IF(ISTAT(LM).EG.1) 
CONTINI'F 
ir«OTYPF(I J.F'Q.l) 
IF(OTYPFf T).F.0,2> 
IF(OTYFF(I>.F0.4) 
IF(OTYPF(I).C0.5) 
IF(f1TYFF.( T I.EQ.6) 
IFIOTYFFI I ).F.Q.7) 
IF(OTYFF(I).EQ.5) 
IF(OTYFF.( I ),F0.6) 
IF(OTYPF(I).FQ,7) 
CONTINUE 
RETURN 
END 
SU8R0UTIMT ANPTSTtl/J) 
COMMON/NOT) 1/ HODE<100),IAPC(100,10),OARC(iOn,10),PpOA(100,10), 

II ARC I(100),OAPCI(100),ITYPE(10C),0TYPE(100),MNIND<100), 
2TIMEM Jno) 

CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
KIND 
KIND 
KINTV 

ALLFIR(I) 
PROFIR(I) 
ITALL(I) 
ONrOMf( IL,.T) 
ONF.BAP( IL,.T) 
PRFFEk(IL,J) 

•KIND + J 
•KIND + J 
»KIND*J 

SF.F 
SFF 
SFH 
SFe 
SF.P 
MAI 0 
MAID 
MA1C 
MA 10 
MA I 0 
MA TO 
MA) n 

70 
70 
70 
70 
/o 
29/0 
29«0 
2990 
30 un 
30 10 
3020 
30 30 

M A I 0 3 01> 0 
MA 1030/0 
MAI030H0 
MAT 05700 
MA103090 
MAI 031U0 
MA103110 
MAI03120 
MAT03130 
MAF03140 
MAI031f>0 
MAI03170 

MAT03180 
MAT03190 
MAI 03200 
MA103210 
MAI03230 
MA I 03240 
MA I 03250 

MAI 03270 
MAT03280 
MAT03290 
MAI 03300 

MAT03330 
MA103300 
MAT03350 
MAT04950 
MAT04970 
MAT049«0 
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Sl.AL NODE MA|050uO 
COMMON /Af!C2/ T I ME(1UO),IsTAT(100),PROB(100) 

C MAT07490 
I1MARCJU) rAlObOjO 
Tlf1«0. CAlObOflil 
PC 1 K«1,II MAT05050 
KK«IARC<I,K> MA1G5060 
IF (ISTAT(KK),ME.2) GO TO 2 MAT0507O 
IF(TIMf(KK).GT.TIM) TIH-TIME(KK) MAT050bO 

1 CONTINUE MAI 051 on 
TIMEN(1>»TIM MA105110 
J=l MAI051i'O 
HtrURN MA105130 

2 J»0 MAI0514O 
RETURN MA|G51bO 
Er.'l) MAFOMMl 
SUBROUTINE ORTST(I,J> MAin4fiMl 

C     THIS ROUTINE TEST 'OR' MODES MA|04ft/0 
C MA I Gfc6»>n 

COMMON/NfiJil/   t:ODE( 100),I»RC(100,10),OARC< 100,10),PpOA(100,10), MAT 046*0 
1 I ARC I ( 100),OARCI (100), I T YPE ( 1 00 ) , OTYPE ( 1 00 > , MNI Nil < 1 00 > , MAT 04690 
2TIHEM LOOJ 
REAL MOPE MA104710 
COMMON /ATC2/ TIME(100),ISTAT(100),PROB<100) 
COMVON/ARC 1/ARC(100),I NODE(100),ONODE(100),IT1 MET<100) , TARGK100) , 
1TARG2I100),TARG3(100),COSTC(100),COST V(100) 

C MA106670 
II-IARCKI) MA10475O 
TlM«100O()00, MAI047bO 
J-0 MAT04770 
DO 1 K=1,II MAT04780 
KK«IARC(I,K) MAIC4790 
IF (ISTAT(KK),ME,2) GO TO 1 MAF048HO 

C     THIS ROUTINE TESTS'AND' NODES MAT04960 
C MAT03220 

J-l MAI04810 
IF(TIME<KK).LT,TIM) TIM-TIME(KK) MAT04820 

1    CONTINUE MA104830 
IF(J.EC,,G> RETURN MAT04840 
TIMENUJ-TIM MAT04850 
RETURN MAT04930 
END MAT04940 
SUBROUTINE ONEONE<ILK,J) 

C     TESTS ONE-ONE NODES 
C 

COMMON/PAF>A/NNODE,NARC MAT03370 
COMMON/N0r)l/ MODE (100), I ARC ( 100, 10 ) , OARC ( 10 0, 10),PpOA< 100,10),    MAT033B0 
llARCK 100),OARCK100),ITypE(100),OTYpE(lOO),MNINn<100), MAT 03390 
2T1MEN<100) 
COMMON/AROl/ARC(100),I NODE(100),ONODE(100),ITI MET<100),TARGU100 ) , 
ITARG21 100),TARG3(100),COSTCUOO),COSTV<100> 
COMMON /ARC2/ TIME(100),ISTAT(100),PROB(100) 
INTEGEP OTYPE,OARCI,OARC MAT03440 
REAL NODE MAT03450 

C 
J«0 MA103460 
II«IARCI(ILK) MAT03470 
TIM-1000000, MAT034B0 
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c 

Pi!    1     »rlfJl 

KK"> AKCUf.|c,M 
Ir ( JSTAT<KK),HE.2!    GU   Tn    i 
if (Ti-ii itn ,OF.TIUI  Gn TO  1 
nn-Tlf'f (Ki> ) 
!r« 

CO 
IF 
7i. 
m: 
l h 

i 

C(.J 

I II 
!'• 
T: 

rt 
S 

Tt 

Mi 
l.T. 

= 1 \ 
r 11 
ST A 
NT I 
• HA 
1 AT 
r.f.l. 
1IIK 
i> 
l.lPK 
RTS 

Ml'f 
L(,,C)    PKTIirN 
01.T   All     INPUTS/    riF"F 
K"l, II 
K( ( It K,K) 
si AT (Lin ,F.o.(i)   r.n Tn 
T(L'..«4 
HUE 
RC<II K,J) 
I I M) = 1 
t 111 )«1 III 
N 

ouTint rw'F.r>AR(ii.K,jj 
(•Nh-UMK   FUR   MOoER 

Th   1-l'TpUT   AHC 

J-tl 
I '« 
Tin 
no 
KK« 
irt 
IK i 
IF < 
IF ( 
TIM 
J«K 
CON 
IF( 
ZFR 
pn 
Lh« 

IF 
IS 

CON 
LM» 
1ST 
TIM 
RET 

TI 
no 
K!.» 

I ARC! ( UK) 
•incoooo, 
1    K*l,! I 
IARCI Il.KfK) 
KK.Efl.llini    IDAh-K 
KK.FO.10O) GO Tn i 
ISTATd K ) .HF.2) GO TO | 
TIMF(KK) .fif'.TIM) GO TO 
»T IfiF(KK) 

TINU 
J.EO 
0 Oil 
2 K« 
IARC 
( 1ST 
TAT( 
TINi: 
OARC 
AT (I 
EN (I 
URN 
M»0. 
6    K* 
IARC 

.0)    GO   TO   5 
T   ALL   INPUTS,    FIRF   J   TH   UlTplIT    A&C 

Ml 
( II K,K) 
AT(LM'.En.O)    GO   TO   ?. 
LM)«4 

( IU,JI 
M)»l 
l.Kl-TUI 

If II 
( II K,K) 

MA I 03490 
MAI 035nn 
f-Ai n.ir>;n 
MA i f is:-" 
MA i c.5;•»vi^i 
MA I f: j',-:ri 
MA I r.3*>hd 
MA I f'3S» f 
M«I 035/" 
MA I 03*iMi 
MA I CV.9''' 

MA i r.JM i; 
Mi I 0 3f ?>'• 
^Ain36jn 
M» l f. vs.*n 
MA i 037*''n 
MA i 037-in 

M^ I 039*<0 
MAI030/0 
MA I (i 308 n 

M A I f i 4 0 .J n 
MA 1040/10 

MAI04nsn 
MA I 040»>n 
MAI 04070 
M A i o 4 o h n 
MA I040Q0 

M A 1 0 4 1 2 0 
MAI 04130 
MAI04140 
MAI041&0 
MAT 041f>0 
MAT04170 
MAI04180 
MAT04190 
MA(04200 

MAI 04220 
MAI04230 
MA104240 
MAI042b0 
MAIP434II 

MAI04370 
MAT043B0 
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II(KK.EQ.10Q)   GO   TO   h 
If- I ISTAT(KK) ,liE.3)    GU   TO   7 MAI044H0 
IF(TINF<KK).LE.TIM)    GO   TO   f> 

Tlfl«T|MF.(KK) MA1044?n 
6 CONTINUE. HATf144J0 

LM«OARC(ILK,IDAR) MAI04440 
ISTAT(I.M)«1 MA1044t>0 
J»l 

00    12   K»l, II MAI044f.n 
L(1»IAftCULK,K) MATC44/n 

ISTAT(LM>»4 
12         CONTINUE MAt044<vn 

TIMFIM ILK )«TIM MA104r.un 
7 CONTINUE r*A104fcjn 

RtTURM MAIP46an 
fi^[, MAin46»jn 

SUBP0U1IHt PREFERULK,J) 
C     TESTS PRFFERENCE NODES 
C 

CoMMf.N/PAPA/NNOrE/NARC 
CUMI10N/NOD1/ NODE( 1 00 ) , I ARC ( 1 00, 1 0 ) , OARC ( 1 00, 10 ) , PpOA ( 100,10), 

II ARC I<100),OARCI(100),ITYPE(inO),OTYPE(100),MNINn<100), 
2TIMCN( 100) 
COMHON/ARCl/ARC(100),INODE(100>,0NODE(l0O),ITI MET<100),TARG1(10 0), 
1TARG2I100),TARG3<10 0),COSTC(100) , COSTV ( 100) 
COMMON /APC2/ TI ME(100),ISTAT(100),PROB<100) 
INTEGER OTYPE,0ARCI,0ARC 
REAL NODE 
J«0 
II-IAPCI(ILK) 
DO 1 K«1,II 
KK»IAPC(ILK,K> 
IF(KK.FO.IOO) CO TO 1 
IF(ISTAT(KK),EQ.O) GO TO 30 
IF(ISTAT(KK).EQ.l) GO TO 30 
IF( ISTAT(KK),EG.4> GO TO 30 

1 CONTINUE 
J»l 

C     IF WE PET HERE THE NODE WILL BE FIRED 
C      FIRE FIRST ARC PAIR WITH 2 STATUS, IF THERE IS ONE 

T1M-0, 
II1*11-1 
DO 2 K-l, III 
KK-IARC(ILKrK) 
KKK—K 
IF(TIME<KK).GT.TIM> TIM-TIME(KK) 
IF(ISTAT(KK).E0,2) GO TO 4 

2 CONTINUE 
C     IF WE GET HERE FIRE BAR ARC 

LM-OARC<ILK,II) 
CO TO 5 

C      FIRE THF KKK ARC 
4 LM»OARC<ILK,KKK) 
5 ISTAT(LM)-1 

DO 40 K-l,II 
LM»IAFC<ILK,K> 
ISTAT(LM)-4 

40    CONTINUE 
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30 

c 
c 
c 
c 

c 
c 
c 
c 

c 
c 

TIMEM ILf )»TIM 
CONTlKUf 
RETURN 
END 
SUHROUTIU. ITALL(M) 
THIS ROUTINE WILL HANDLE A 
IT WILL srE IF THE TIME IS 

TERMINAL NODE BEING FILLED 
SMALLER THAN ANY OTHER TERMINAL 

NODE TIM! AMD IF SO SWAP TIME AND COST INDICATORS 

COMMON/ 
COMMON/ 
COMMON/ 
1IAKCI ( 1 
?TlflEH( 1 

I TERNS* 
AOOVI I 
IMTIMF 
SHlIM«T 
INSH»II 
RETURN 
END 
SUbRnuT 

HIHT/SIITIM, INSM 
RUIiEP/ ITERM5 
NODI/ NODE I 100),TARC(1 00 , 10>,0ARC<100,10>,PpOA<100,10), 
00),OARCI< 100), ITYPE( ir.0),0TYPE( 100),MNIN|)( 100), 

00) 
) 
NMCATTS A TERMINAL NODE HAS BErN FILLED 
MI I).GE.SMTlM) RETURN 
IMFN( II ) 

INK ENDIT(KEY) 

THIS ROD 
SMALLER 
IF SO SE 
COMMON / 
COMMDN/M 
COMMON/P 
DO 1 1*1 
IKI5TAT 
IF(ISTAT 
IF(I ST AT 
IF(T1ME( 
CONTINUE 
KEY=1 
RETURN 
KEY = 0 
RETURN 
END 
SUBROUTl 
DETERMIN 

IT1NE CHECKS TO SfF IE THERE ARE COMPLETED ARCS HlTH 
THAN THE" SMALLEST TERMINAL NODE 
•T KEY-0, IF NOT SET KEY-1 AND TERMINATE THIS RUN 
'ARC2/ TIME(100),1STAT(1»0),PROB(10U) 
1IMT/ SMT1M,INSM 
>ARA/NNOpE,NARC 

TIMES 

hl'^K/       I  iriLI 1UUI 

INT/ SMT1M,INSM 
ARA/NNOpE,NARC 
,HARC 
(I),KQf0) BO 
(!),EQ,3J GO 
(I),TO.4) GO 
D.LT.SMT1M) 

TO 
TO 
TD 
no 

1 
) 
1 
Tn 

NF PTERM 
FS COST or ITERATION 

MAI 07740 
MAH'776D 
MAI 077/0 
MAIC778D 
MAI C774H 
MAI07ftl'fl 
M A1 0 7 8 1 0 
MA107B20 
MAI078J0 

M A I f • 
MAI 0 
MA I 0 
MAI 0 
MAI 0 
MAI 0 
MAI 0 
MA 10 
MAIO 
MMT 0 
MAI 0 
MATO 

7 B \, 0 
78r.n 
78/0 
78C0 
78^0 
7901 
7910 
63/n 
6380 
f.3«>0 
64C;() 
6410 

noMMON/PARA/ NNOPE,NARC 
C0MM0N/IFR7./IREPIT 
COMMON/MINT/ SMTIM,INSM 
COMMON/NOJ11/ MODE( 100>,lAPC( J 00,10 ),OAKC( 100, 10), PpOA( 10 0,10), 

II ARCH100),OARCI(100),ITYpE(100 ) ,OTYpE( 1 HO ) ,MNIND(100 ) , 
2TIMEN(IOC) 

COMMON/TFRNN/ NODN<30),NOD I,T1MEZ(50 0),COSTZ(50n),NODEZ(50 0), 
1NC0UNTI30) 
COMMON/ARC1/MRC(100),INOnE(100),ONODEI100),ITIMET<100),TARGK100) 
1TARG21 100),TARG3(100),COSTC«100),COSTV(100) 
COMMON /ARC2/ TI ME(100),I STAT(100),PKOb(100) 
COMMON /1DD/ RUNID(20) 
COMMON/TFRNI/ I MODI(10),IN0DT 

DO 1 1*1,MODI 

MAT0643D 
MAI C6440 
MAI064bO 

MAI 064/0 
MAI 06480 
MAI064<*0 
MAT06500 
MAI06510 
MAT06520 
MAT06530 
MAT061bO 

MA106160 
MAT061/0 
MAT06180 

MATC6220 
MAT062J0 
MAT06240 
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JJrl MAI062t>H 
U (Hi'DM I ) .FJO.INSH)    CO   TU   2 MA1C62M1 

t CONTINUE MAI06270 
CALL   TFRtMbQ) MAT062MI 

7. NCOUUK JJ)"NCOUNT(JJ) + l HAT0629n 
Lrt"NCOIINT(JJl HAT06300 

IRR"IREPIT*1 
TIMEZIIRH)»SI1TIM 

6 NOnfZIJPR)«INSM 
COSTZIIRR)»0, 
DO 3 !»1,NARC 
LM«lNODt{I) 
IF(ISTAT(1),EQ,0) 60 TO 3 
1F(TIMF.< I ) ,GT,SMTIM) GO TO 4 
COSTZ( IRR)«COSTZnRR)*C0STC(I)*C0STV(l >«(TINE(I >-TlMEN(LM> ) 
UO TO 3 

4     1F(TIIIFN<LM).GT.SMTIM> SO TO 3 
COSTZIIRR)»COSTZ(IRR)*CnsTC<I)+COsTV(J5•<SMTIM-TI MEN(LM>) 

3    CONTINUE 
RtTURN MA1063f>0 
END HA|P63hO 
SUBROUTINE SfiRAPH MAI 06540 
DIMENSION DOT(120) 
COMMON/TL'RNN/ N0J1N ( 3 0 ) , NODI / T I MEZ ( 500 ) , COSTZ ( 50n ) ,NODtZ<500), 

1NC0UNT<30) 
REAL NODE MAT065/0 
COMMON/NOp 1/ NOT)E( 100>,IARC(100,10),OARC<100, !0),PpOA< 100,10),    MAI065«0 

II ARC I ( 100),OARCI< in0),ITYPF.(«0O),OTYPE(100),MNlN|)< 100), MA 10659(1 
2TIMENU00) 
COMMON/ITEKA/ 1TER MAT06620 
DIMENSION ARRR(500) 
DIMENSION ANN(10) 
DIMENSION NBLIP(IO) 
DIMENSION AVAL(IO) 
COMMOM/IItD/ RUNIIX20) 
DATA TT/1H1/ 
DATA D0T/120*1H"/ 
DATA ANN/4Hllll,4H2222»4H3333»4M4444»4H5555,4H6666f4H7777,4H888a, 

14H9999,4H0000/ 
DATA r»DT/4H.,../ 
DATA AVAL/,1,.2,.3,.4,.5,.6,,7,.8,.9,j.d/ 

C MA106640 
C     FIRST GENERATE INDIVIDUAL GRAPHS BY NOpF MAT06650 

DO 1 J-1,N0DI 
LM"NODN(J) 
LL»NCOUNT(J> 
DO 3 17*1,2 
LLK»0 
DO 2 K«1,ITER 
JF(NOPFZ<K).NE.LM> 60 TO 2 
LLK»LLK*t 
IF(IZtEQtl) ARRR(LLK)»TIMEZ(K) 
IF(IZ,E0.2) ARRR1LLK)»C0STZ(K) 

2     CONTINUE 
IF(LLK,NE.LL> WRITE<6,109> LLK,LL 

109   FORMAT(IX,'VALUES OF LLK AND LL ARE ',215) 
IF(LLK,Nf.LL) CALL TERM(6) 
CALL GRAPH(ARRR,LL) 
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60 
61 
62 
3 
1 

10 

65 

202 
203 
204 
201 

13 

14 

15 

WRITE* 6,61) 
WRITING,62) 

MODE(LK) 
HODF(I.M) 

RUM ID 

nr 
OF 

COMPLETION 
COKpt.F.TJON 

TIMES 
COsTs 

FOR 
F or* 

TERMINAL 
TERMINAL 

NODE ' 
NODE ' 

, A4) 
,A4) 

66 

25 

111 

200 

GRAPH OF COMPLETION TIMES FOR ALL NODES') 

nKlTE(6f*01 
IF ( IZ.F(J.l) 
IF ( IZ,En.2> 
WRITE(6,60) 
WPITE<*,2S> 
rORMATdH ) 
FUKf'AT(20X, 'GRAPH 
F0RMAT(20X, 'GRAPH 
CONTINUE 

CONTINUE 
CALL f.RAPH(TIMEZ,ITER) 
WKITE<6,10> 

FORMATUH    ) 
hRITE(6,JO) 
WHITE(6,65) 
FORMAT<?0X, 
WPITL(6,10) 
»JPlTE<6,2b)   RUNID 
CALL   GRApH<cnSTZ»ITER) 
WKITE<6,10) 
WRITE!*,10) 
WPITE(6,6M 
F0RIIAT(2nxf'GRAPH   OF   COMPLETION   COSTS   FOR   ALL   NODES') 
WRITE(6f10) 
WP.ITE<6,;>5>   RUNID 

F0RMAT(20X,25A4) 
WRITE<6, 111) 
FORMAT! llll) 
DO   200   J.T«l,N0r>I 
NCC=NC0U|1T( JJ) 
NBLIP( JJ)«FIOAT(NCC)*1'10./FLOAT( HER) 
DO 201 jj»ifnoni 
JZ-NPLlPtJJ1/10 

JY-MBLIP<JJ)-JZ*10 
IF(JZ,FQ.0) J7-10 
IF(JY.EG.O) JY-10 
KK»N0DN<JJ) 
LL«NBLIP<JJ) 
IF(ll.FO.O) GO TO 201 
HRlTElfirJ'.OZ) <nOT(K),K«l,LL),TT 
WRITE(6,203) NODEIKK),<D0T(K»,K»1,LL),TT,DDT,ANN<iL\,ANN(JY) 
WRITE<6,204) 
WRITE(6,204) 
F0RMAT<11X,1HI,120A1) 
FORMAT(6X,A4f1X,1HI,120A1) 
F0RMAT(11X,1HI) 
CONTINUE 
WRITE<6,1i\ 
F0RMAT( 12X,10( 10H-———I ) ) 
WRITE(6,14) (AVAL(I),1-1,10) 
F0RMAT(13X,10(7X,F3.l>) 
WRITE(6f 10) 
WRJTE(6,10) 
WRITE(6,15) 
FORMAT(20X,'GRAPH OF NOnF PROBABILITIES') 
WRITE(6,10) 

WRITE(6,25) RUNID 
wRITE(6, 111 I 

94 

MA106fl/n 

MATC67^n 



RFTURN MAT0709O 
EHD MAT07ioo 
SUBROUTINE GRAPH!ARR,LIM) 
H 1 MFl.S I Ot-   ANNC10) MAT09070 
DIMEf'SIOH   ARR(I.IM) MAT091OO 
C(JMrON/NOI)l/   IJODE < 100),IARC<100,10),OARCUOO, 10), PpOA< 100, 10), 

1 I ARC I(100>,OARCI(100),ITYPE(100),OTYPE(1 00 > , MN IN.D < 1 UO ) , 
21I M|":J( 1 00> 

OOMMOC'/mu/   RUN1D<20) 
niMFf.sinil   CAT(50) MAT091K1 
DIMENSION   lCAT(S0>,NUM<60),DL'T(120>,AVAl.(lO> r»A"(09130 

tfATA   M1T/4H..,./ 
U AT A   ANU/4Hllll,4H22.?2,4H3333,4H4444,4H5555,4H66«>6r4H7777,4H8888, 

MK9999,4H00O0/ 
DATA   BLAUK/1H   / MAI09090 
HAT A    TERI1/1HI/ MAT (19120 
DATA   AVAL/.1,.2,.3,.4,.5,.6,.7,.8,.9,1.0/ MAI09140 
nATA   D(>T/120*1H«/ MA1091SO 
R|p=0. MAT09100 

S'lALL'lOOOilOOO. 
Ave=o.n 
SD-0,0 
IF (LIM.F.tj.O)   GO   TO   900 
HO 1 1*1,1.IM MA109180 
AVL » AVF. + ARR< I ) 
IHARR(I),GT,niG) BIG-ARR(I) MAT09190 
IF (ARRU ).LT,SMALL) SMALl-ARR(I) MAT092U0 

1 CONTINUE MAT09210 
RANGE-MG-SMALL MAT09220 
If <RANGF.C(J.O.) GO TO 900 
AVL - AVF/FLOAT(LIM) 
A1NT-RANGE/25. MAT 09240 
HU 4 K*l,50 MAT09250 

4    ICAT(K)«0 MAT092G0 
DO 2 J-l,l.IM MAT092/0 
SD»SD*((AVE-ARR(J))**?) 
AH1GH-SMALL MAT09200 
nu 3 KM,26 MAT09290 
ALOW-AHIGH MAT09300 
AHIGH-Al.OU + AINT MA109310 
If ((ARR«J).GE.ALOH).AND.(ARR(J).LE.AHIGH)) ICAT(K>-ICAT(K)*1 MAT 09320 

3    CONTINUF MAT09330 
2 CONTINUE MAI 09340 

IHLIM.GT.l) VAR-5n/(FL0AT(LIM)-1.0) 
JK<L1M.I.E,1) VAP-0 
SD"SQRT(VAR) 
SUM-C. MAT09350 
DO   90   1-1,26 MAT09360 

90 SUM-SUMXTLOATdCATd ) ) ) 
INDEX-1 
DO   92   1-1,26 

92 TAT(I)-FLOAT(ICAT(I)J/SUM 
GO   TO   93 

94   INDEX-2 
DO   91   I"2,26 
CAT(I)»CAT(I)*CAT(1-1) 

91   CONTINUE 
93 AIN5-.0? 
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20 
7 

101 

GO TO 2u 

12 

11 

15 

80 
61 
10 

13 

14 

70 

900 

902 

903 

no 7 1=1,26 
L M • 2 h -1 • I 
NUM(LM)«0 
AHIGH=C. 
r.rj R J=I,'.;I 

JJ»J 
ALOW«*AI.IG|| 
AHIGHBALOM+AINS 
If ( (CAT! I ) .GT,ALOW) . AND. ( r.AT ( I ) . LE. AH 1 6H ) ) 
COMTINUF 
GO TCI 7 
I.UM(L*)«J.T*2-1 
CONTINUE 
VAL«bIfi*AINT 
WKITEU-, mi) 
PO in I"1,26 

I "1 = 26-1 + 1 
J/. = CAT((.|t)*l0, 
Jt«CAT(|.!!)*lOO,-rUC>ATU7)«10, 
JX = CAT(||t)*m00.-FLUAT(J7>«IOO.-FLOAT(.tY>*10. 

tF tJY.EQ.O) JY«10 
IF(JZ.EQ.O) JZ-10 
iF(jy.n..o) JXMO 

VAL*VAl -AIM 
FORMATUH1) 
NUMPBNUM! I ) 
II (NIIM&.GT.l 10) NUM6»110 
II(NUME,EO.O) GO TO 15 
NUMB=NUMB-1 
WRITE!6, 12 > <POT!K>,K»l,NUMB),TERM 
FORMAT!IX,12X,1HI,120A1) 
WRITE!6,1J)VAL,(DOT(K),K»),Ml)hb),TERM,BLANK,DDT,ANN(JZ),ANN(JY) 

1,ANM(JXI 
F0RMAT(1X,H1.3,1X,1HI,I20A1) 
GO TO 10 
WRITE(6,80) 
WKITE!6,81) VAL 
FORMAT! 13X, 1HT ) 
FORMAT! 1X,FU.3,1X,1HJ ) 
CONTINUE 
WRITE(6,13) 
FORMAT! 12X, 10( 10H ——I ) ) 
WRITE(6,14) <AVAL!I),I»1,10) 
FORMAT'13X,10(7X/F3,1)) 
WkITE<6,70> AVE,VAR,Sn 
FORMAT!inn,16X,'MEAN »',F11,3,i5X,'VARIANCE 

I DEVIATION «',F11.3) 
IF! INDEX.FG.U GO TO 94 
RETURN 
WRITEf (., 101) 
IMLIM.NE.O) WRITE! 6,902) BIG 
IF(LIM.FO.O) WPITE(6,903) 
FORMAT!IX,' ALL VALUES IN THE ARRAY ARF IDENTICAL ,AND ARE 

1 F J 2 . 4 ) 
FORMAT!IX,'THIS NODE WAS NEVER A TERMINAL NODE') 
RETURN 
EflD 
SUHROU11NE TERM!1) 
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M A i n 9 4 i n 
M A I 0 9 4 ? 0 
MAI 004,50 
M A I 0 Q 4 1 f i 

MA I 0 
MA10 
MA 1 0 
MA 1 0 
MAI 0 
MATO 
MAI 0 
H A I C 
MAI 0 
M A i a 
MA I 0 

94Mi 
94/n 
94f.fl 
Q4<vn 
gsiin 
9510 

9b.iO 
05/ n 
9V..0 
95hO 

MA I0 9b9 0 

MA I 096 1") 
MAT096^0 
MAT 09630 
MAI 09640 
MA 1096tn 
MAI 09660 
MA109670 

MAI 09710 
MAI09720 
MAT09730 

MAI 09760 
MAT09770 
MAT097HO 
MAI09790 
MAT09800 

,Fl1.3,lbX,'STANDARD 

MAT09810 
MAT09820 

MAT09B40 
MAI098bO 

MAI 09860 
MAT09870 



C     THIS SUBROUTINE PRINTS ERPOR MESSAGES 
C 

C0MHriM/AR01/ARC( mo) , INOnn inn),DN0DE( lOO),lTIMET(ll>0),TARRl(100), 
1T»RG2(100),TARG3(1P0>,COSTC(100),COSTV<100) 
CUMMON/rRPZ/IREriT 
COMMON /AfC?/ TlhF.(K)O), ISTAT(10P),PROB(inO) 
COMHnN/PARA/NNODE#NARC 
BO TO C,2,3,4,5,6,24,25,27),I 

1 WK'ITE16,7) 
7 FCRFATL 1X,'**MIRROR***PROFIABILISTIC OUTPUT NUDE - WRONG NUMBER OF 

) ARCE STATFD**«NOPIN' ) 
CALL EXIT 

^ WklTF. (f>,H) 
ft FORlJAT< IX,'***EPROR***PROfiABILISTIC OUTPUT UOuE - WRONG ARC LISTED 
1***N0DIN' ) 
TALL EXIT 

.5 WRITE (ft, 9) 
Q FORMATl IX, '*««FRRnR***pRnMBILISTIC OUTPUT NODE - NU ARC INITIATED 
1***PR0FJK' ) 
CM L EXIT 

4 WRITE(ft,10) 
10 FURMATI IX, ,*«"»ERRHR*«*NO INPUT RULES WERE SAT ISFJFD***RUNSYS' > 

WRITE(ft,13) IREriT 
13 FUKMAT<1U0,17X,'ITERATION ',13) 

WRITE(ft, 14) 
14 FORMATl10X,'STATUS OF ALL ARCS FOLLOWS',/) 

DC lb   I»1,NARC 
15 WKITt"(ft,17) APC( I ),ISTAT( I ) 
17 FORMATl17X,A4,5X,II) 

WRITE(ft,18) 
18 FORMATl10X,'WHEREO   0   NOT INITIATED1 »/19X# • 1   INI Tl ATF.D',/19X, 

1»S»   COMPLETED SUCCESSFULLY',/19X,'3   FA I LED•,/l9x, 
2'4   COST • TIME VALUES ALREADY CONSIDERED') 
CALL EXIT 

5 WRITE(ft,11) 
11 FORMAT!IX,'•••EPROR***COUl.D NOT DETERMINE TERMINAL N0DE***PTERM'> 

CALL EXIT 
6 WRITE(ft,12) 

12 FORMATl IX, ***MIRRUR**M,LK AND LL MUST BE F.UUAL***SGRAPH • ) 
CALL EXIT 

24 WRITE(6,23) 
23 FORMATlIX,'•••ERROR***NO TERMINAL NODES ARE PUNCHED TO PRINT') 

CALL EXIT 
25 WRITE(6,26) 
26 FORMAT(lX,'««MiRR0R*"CAN NOT FIND TERMINAL NODES FOR SCAN') 

CALL EXIT 
27 WRITE(ft,2a) 
28 FORMATlIX,' ***ERROR««M2HECK ALL ARC CARDS,'/lIX,•AT LEAST ONE SHOW 

IS FIRST AMD THIRD ARGUMENT EQUAL WHILE TIME DISTRIBUTION TYPE IS 
2TRIANGULAR'/11X,'CHANGE TO CONSTANT') 
CALL EXIT 
STOP MAT07720 
END 
BLOCK DATA MAT08720 
COMMON/IDD/ RUNID(20) 
COMMON/PARA/ NNODE,NARC MAT08730 
COMMON/ARC2/ DUM(100),IDUM(100),DUMA(jOO) 
COMMON/TRRNN/ LLDUM I 31 ) , ABDl'M ( 1 000 ) , KLDUM ( 530 ) 
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Cimt'ON/AKCl/ nijun( ioo),JniiK(3no),CDUM(f,oo) 
rOMHOK/liiDl/   KDUH(210f<>»?.MJM( lunO),LDllH(SUO) , YPljM( 100) 

CilM'ON/Tf PN1/   KJDUM(li) 
t'ATA   f U( I 1./204H / 

DATA   Mf dPt:/P/,NARC/0/ 
HAT A nun/ ioo*o,o/f iiii'M/ir. o«(i/,DttMA/ion*o.o/ 
D'TA  i.i.nnh/;u*o/, ABDUM/HICO*O.U/,KLDUM/S30*0/ 

DATA Biiin;/ion*o.o//JUL;M/30o*n/,cnUM/&oo*o»o/ 
li AT A   l- niiH/2100*0/, ZUlih/H'00*0. 0/,LDUM/500*0/,YD||M/100*0,0/ 

HAT A   K.inUM/1 1*0/ 
Fr.p 
L) ST(STMP) 

M A I 0 H ft.} n 

t't\ | r.87<.0 

r A I 0 8 ft <i o 
MAT ftftAbM 
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APPENDIX tI I 

SUBROUTINES THAT MAKE UP MATHNET AND RISCA 

99 Next page is blank. 





This appendix includes a detailed flow chart for each of 
the 25 subroutines in Rf"SCA**. Table I contains a listing of the 
25 subroutines In the sequence of their appearance In the appendix. 
In addition to the name and sequence number, a brief description of 
the subroutine function is given In Table I. 

TABLE I.  SUBROUTINE FUNCTION 

Name Functions 

I . Subroutine IDIN 

2. Subroutine ARCIN 

3. Subroutine NODtN 

4. Subroutine SCAN 

5. Subroutine RUNSYS 

6. Subroutine REPSET 

7. Subroutine ALLFIR(I) 

8. Subroutine PROFfR(I) 

Reads in run identifier card name 
of network. 

Reads In the Arc cards.  Stores 
and orders Arc data into 
corresponding arrays. 

Reads In the Node cards.  Stores 
and orders Node data Into 
corresponding arrays. 

Summarizes the input data and 
prints out an input listing. 

Runs the simulation and prints 
the results. 

Sets the number of iteration. 

Fires* nodes using "AND" output 
arcs. Fires all output arcs 
from fix node. 

Randomly selects an arc that 
exits from a probability node. 

* Initiates 
**Most of these subroutines are the same as those used in MATHNET. 
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TABLE SUBROUTINE FUNCTION (Continued) 

Name Functions 

9.  Subroutine ARCCHK 

10. Subroutine GAUSS 

I I. Subroutine RANDU 

12. Subroutine TRIANG 

13. Subroutine UNIF 

14. Subroutine NODCHK 

15.  Subroutine ANDTST 

16.  Subroutine ORTST 

Chec 
they 
the 
comp 
Calc 
tion 

I 

ks a I I of the arcs to see if 
have been initiated.  Checks 
probability of successful 
letion of initiated arcs, 
ulates the time for compIe- 

normaI distribution 
(sub GAUSS) 

2 - triangular distribution 
(sub TRIANG) 

3 - uniform distribution 
(sub UNIF) 

Calculates normal random variables, 

Generates uniform random numbers. 

Calculates the triangularly 
distributed random variables. 

Calculates the uniform random 
vari abIes. 

Executes the output rules of 
those nodes whose input rules 
have just been satisfied by the 
arcs completed in subroutine 
ARCCHK.  Determines what nodes 
are ready to fire.  Fires those 
nodes that are ready. 

Tests "AND" nodes.  Tests the 
time (t) taken by each arc and 
stores this information.  Saves 
the time (t) of the longest arc 
to completion. 

Tests "OR" nodes.  Calculates 
cumulative time needed to 
satisfy input rule.  Stores 
time (t) taken by each arc. 
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TABLE SUBROUTINE FUNCTION (Continued) 

Name Functions 

17. Subroutine ONEONE 

18. Subroutine ONEBAR 

19. Subroutine PREFER 

20. Subroutine ITALL 

21. Subroutine ENDtT 

22. Subroutine PTERM 

23.  Subroutine SGRAPH 

24.  Subroutine GRAPH 

25.  Subroutine TERM 

Tests and runs one-one nodes (l/l) 

Tests and runs one-one bar nodes 

<i/r>. 

Tests and runs preferred nodes. 

This subroutine will handle all 
Terminal Node. 

Stores information on completed 
arcs. 

Determines which terminal node 
was reached first in each 
iteration. Calculates how many 
times each terminal node was 
selected.  Computes the total 
cost and completion time for each 
iteration. 

Determines wnat is to be graphed 
and supplies titles for each 
graph. The actual graphing is 
done by subroutine GRAPH except 
for the final graph which lists 
the probabilities of reaching 
the various terminal nodes. 

Does the actual printing of the 
time and cost graphs. 

Prints all error messages in 
MATHNET and RISCA. 
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READ 
ANAME.AINODE 
AONODE, IDIST 

P1,P2,P3,C1,C2, 
D 

NARC = NARC + 1 
ARC (NARC)=ANAME 

I TIME NARC1MDIS 
TARG 1 (NARC) = P1 
TARG 2 (NARC) = P2 

TARG 3 (NARC) = P3 
COSTC (NARC) = CI 

COSTV(NARC) = C2 
PROB (NARC)=D 

NNODE = NNODE + l 
NODE (NNODE)-AONODE 
ONODE (NARC)=NNODE 
lARC(NNODE,l)=NARC 

IARCI(NNODE) = l 

INODE(NARC)MSAVE 
"OARCI(ISAVE) = OARCl 

(ISAVE) + 1 
LM=OARCI (ISA^'E) 

0ARC(ISAVE,LM) = NARC 

DO 20 
I = l,NNODE 

ISAVE=I 

(12) 

NNODE = NNODE + l 
NODE (NNODE) = AINODE 

INODE (NARC) = NNODE 
0ARC (NNODE,l) = NARC 

0ARCI(NNODE)=1 

ONODE (NARC)=ISAVE 
IARCI(ISAVE)MAR- 

I  (ISAVEJ + 1 
LM = IARC (ISAVE) 

IARC (JSAVE.LMhNARC 

Subroutine   ARCIN 
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G> 

I ARC (NDUM,K) = 

L 

OARC (NDUM,K) = 

I 

lARC(NDUM.K) 

= 100 

1TYPE(NDUM)=IDUM 

OTYPE(NDUM)=lODUM 

NNODE=NNODE + l 

NDUM=NNODE 

•© 

NODI • NODI + 1 

NODN (NODI) = 

NDUM 

IARC (NDUM) = 

IARC (NDUM)+I 

Subroutine   NODIN 
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(70) 

<gK 

READ: 
NN,(ZNAM|I), 

Z PRZ)B(I),I = 
1,NN) 

J J = J 

IM-OARCINDUM, 

I) 

PPg>A(NDUM,I)« 

ZPR0B (JJ ) 

NO 

IA«C(NDUM,K) = 

I 

OARC (NDUM,K) = 

L 

Subroutine  NODIN   (Continued) 
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READ: 
MM,(YI (I), 

YO (I), 1=1, 
MM) 

IARC (NDUM.K) 

= L 

OARC (NDUM.K) 

= L 

IARC NDUM,K) = 

100 

K = K + 
1 

NO 

NO 

IARCI(NDUM)= 
IARCI (NDUM) + 

1 

L = L + 
1 

Subroutine NODIN   (Continued) 
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WRITES: 
RUNID.ITER 

WRITES HEADING 
FOR  ARCS... 

WRITE 
INFORMATION 

ON ARCS 

WRITE 
INFORMATION! 
ON NODES 

SUBROUTINE   SCAN (   RETURN J 

SET NUMBER 
OF ITERATIONS 
SO FAR TO O 

IREPIT=0 
SMUM=999999] 

® 

CALL PTERM 
IREPITMREPIT + 

1 

NO 

DO 40 

I = 1,NARC 

ITERMS = 0 

{NOW 
IRE INITIAL NODES 

"©• 
CALL 

ENDIT (KEY) 

CALL ARCCHK 

CALL  NODCHK 

YES CALL 

SGRAPH 
RETUR D 

TIME (I) = 0. 

ISTAT (I)=0 

CALL 

TERM (4) 
TIMEN   II) = 0. 

Subroutine   RUNSYS 
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Ul 
in 
Q. 
UJ 

=5 
o 
1- 

=3 
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FIRE   ALL 

OUTPUT   ARCS II=OARCI (I) 

K=K + 1 

NO 

Subroutine   ALLFIR (I) 

DO 1 

K =1, II 

KK=OARC (I, K) 

ISTAT (KK)=1 

FIRE  NODE  I 
USING STOCHAS- 
TIC 
CONSIDERATION 

RETURN 

CALL TERM (3) 

ISTAT  (KK) =1 

IXXX=IXX 
CALL RANDU (IXXX) 

—»~ IXY.RVAL) 
IXX=IXY 

AHIGH= O 

ISTAT  (KK) = 1 

YES 

KK = OARC (I,K ) 
ALOW= AHIGH 

AHIGH= ALOW + 
PP0A (I, K) 

Subroutine   PROFIR (I) 
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CHECK PROBAB. 
OF COMPLETION 

IF COMPLETED 
CALCUL. TIME &COS 

c RETURN 

YES 

ISTAT   (I) -- 2 

YES 

D 

1 = 1 +1 

NO 

IXXXMXX 
CALL RANDU( 

IXXX.IXYY.RVAL) 

IXXMXYY 

DO 1 

I = 1,NARC 

IXXX =IXX 
A=TARG1 (I) 

B =TARG 2(1) 

C = TARG3(I) 

CALL  GAUSS( 

IXXX,B,A,TVAL) 

CALL TRIANG( 
IXXX,A,B,C 

TVAL) 

CALL  UNIF( 

IXXX A,B,TVAL) 

TVAL * A 

IXX=IXXX 
LM=INODE (I) 

TIME (I) =TVAL + 
TIMEN  (LM) 

ISTAT   (I) = 3 

Subroutine  ARCCHK 
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10 
CALCULATES 

NORMAL  DISTR. 
VARIABLES 

1 = 1 + 
1 

NO 

(RETURN\ 

DO  50 

1 = 1,12 

CALL RANDU( 
IX, IY, Y) 

IX = IY 
A = A +Y 

V= (A-6.0)' 

S + AM 

Subroutine  GAUSS (IX.S.AN.V) 

0* 
GENERATES 

UNIFORM 
RANDOM 

DIST. 

f RETURN^) 

1 = 11111111 

RAN = FLOAT (J) 

/67108864- 

J = IX 25 

J = J-{J/67108- 
364)* 67108864 

I 
J=JX25 

J =J- (J/67108- 
864)*67108864 

J = JX-5 

J=J-(J/67108- 

864)X 67108864 

Subroutine  RANDU (I,J, RAN) 
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12 

THIS ROUTINE 
WILL CALCULATE 

RANDOM TRIA. 
DIST. 

CALL TERM (9) 

ERROR 

XIM-SORT ( 

l.-AM-VAL + 

AM* VAL) 

c RETURN   H- 

AM = (B-A)/(C-A) 
CALL   RANDU ( 

IXT.IXY, VAL) 
1XT=IXY 

Subroutine TRIANG UXT. A.B.C.X) 

XI=SORT (AM* 

VAL) 

G> 
CALCULATES 

UNIFORMLY  DIST. 
VARIABLES 

CALL  RANDU (IX, 
IY,Y) 

IX = IY 
VAL = OPT+Y*{ 

PES-OPT) 

' l 

^RETURNM 

Subroutine UNIF (IX,OPT, PES. VAL) 
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©- 
SEE WHAT NODES 

ARE READY TO 

FIRE ,FIRE THOSE 

THAT ARE READY 

Il«I 
j = o 

CALL 

ANDTST (IL,J) 

CALL 

ONEONE (IL,J) 

1 = 1 + 1 

IJ = 
IJ + 1 

ISTAT |LM) = 4 ISTAT (LM) = 4 ISTAT (LM) = 4 

Subroutine NODCHK 
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14A)        » CpTYPE (I) = 5 KIND=KIND + J 

KIND = KIND + J 

KIND = KIND+J 

Subroutine  NODCHK (Continued) 
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15 

TESr'ANCTNODE 
TESTS TIME TAKEN 

BY EACH ARC 
SAVE LONGEST ARC 

11= 1ARCI (I) 

TIM = 0.0 

DO 1 

K = 1, II 

KK = IARC  (I,K) 

C RETURN^) J =o 

TIM= TIME  (KK) 

TIMEN (I) = TIM 

J = l 

c RETURN 
) 

K = K+ 
1 

NO 

Subroutine ANDTST (I,J) 
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0- 
THIS ROUTINE 

TEST 'OR' 
NODES 

II = IARCI (I) 

TIM =1000000. 
J=0 

YES 

TIM = TIME (KK) 

J = l 

NO 

DO 1 

K = 1, II 

KKMARC  (I,K) 

NO 

K=K+1 

YES 

YES 
RETURN 

TIMEN  (I) = TIM 

) 

Subroutine  ORTST (I, J) 
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0- TESTSuONE- 
ONE"NODES 

ISTAT(LM) = 4 

NO 

J=0 
I1MARCI (ILK) 

TIM =1000000 

KK=1ARC (ILK.K) 

RETURN 

LM=OARC (ILKJ) 

ISTAT(LM) = 1 

TIMEN(ILK) = TIM 

YES 

K = K+ 

1 

LM=IARC(ILK,K) 

TIM = TIME(KK) 

J = K 

K = K+1 

NO 

YES 

DO 2 

K = 1. II 

NO 
RETURN 

) 

Subroutine ONEONE (ILK.J) 
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& 

LM=IARC (ILK.K) 

TESTSuONE- 
ONE   BAR" 
NODES 

J=0 
UMARCI (ILK) 

TIM = 1000000 

•+H K = K+1 

K = K + 
1 

ISTAT   (LM) = 4 

NO 

IBAR = K 

DO 1 

K =1,11 

I 
KK=1ARC   (ILK.K) 

YES 

YES 

YES 

TIM=TIME  (KK) 

J = K 

LM=OARC  (ILK. J ) 
ISTAT   (LM) =1 

TIMEN (ILK) = TIM 
C RETURN^) 

Subroutine  ONEBAR (ILK, J) 
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18A TIM = 0.0 
DO 6 

K = 1,II 

TIMEN  (ILK)=TIM •(RETURN\ 

NO 

LM=IARC (ILK.K) 

ISTAT (LM) = 4 

I 

K = K+ 
1 

DO 12 

K =1,11 

LM=OARC(ILK,IBAR) 

ISTAT (LM) = 1 
J = l 

KK=IARC   (ILK.K) 

TIM =TIME (KK) 

NO 

1 

Subroutine ONEBAR (ILK.J)  (Continued) 
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0. TEST PREFER- 

RED"   NODES 

•Z' RETURNJ)- 

TIMEN(ILK) = 

TIM 

YES NO 

LM=IARC(ILK,K) 

ISTAT(LM) = 4 

1STAT(LM) = 

1 

K = K+ 
1 

DO 40 

K =1,11 

LM=OARC( 
ILK.KKK) 

TIM=TIME{ 

KK) 

KK=IARC (ILK.K) 

1 

YES 

YES 

YES 

KKMARC(ILK 
,K) 

KKK = K 

»-/K = K + l 

K = 1.III 

J = 1 
TIM = 0. 

Ill = H— 1 

LM=OARC( 

ILK,II) 

Subroutine  PREFER (ILK.J) 
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0 COMPLETED 
ARCS 

Subroutine   ENDIT (KEY) 
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22 
DETERMINES 

COST OF 
ITERATION 

DO 1 

1 = 1. NODI 

COSTZ (IRR) = 
COSTZ(IRR) + COS- 
TC(I)+COSTV(I)* 
(TIME(I)-TIMEN(LM) 

) 

1 = 1+1 

CALL 

TERM (69) 

NCOUNT(JJ) = 
NCOUNT(JJ) + l 
LM=NCOUNT (JJ) 

IRR = IREPIT + 1 
TIMEZ(IRR)=SMTIM 

DO 3 

I = 1,NARC 

NODEZ (IRR)=INSM 

COSTZ (IRR) = 0.0 

COSTZ(IRR)=COSTZ 

(IRR)+COSTC(I) + 

COSTV(I)X(SMTIM- 
TIMEN (LM) ) 

Subroutine   PTERM 
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/WRITE LLK.IL 

/CALL TERM (6)/ 

NCC = NCOUNT(JJ) 
NBLIP(JJ) = FLOAT( 

NCC)»100-/FLOAT( 

ITER) 

JZ=NBLIP(JJ)/IO 

JY=NBLIP(JJ)-JZ. 

JY=IO JZ = 10 

Subroutine   SGRAPH 
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1 = 1 + ] 

Subroutine GRAPH (ARR.LIM) 
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YES 

CAT (l) = 

CAT(I) + 

CAT(I-l) 

DO  9) 

1=2,26 

INDEX = 2 

WRITE 

.—i—i- 

MEAN.VAR.ST. 

AINS = 02 

NO 

1=1+1 

JJ = J 
ALOW = AHIGH 

AHIGH = ALOW+AINS 

1 = 1 + 1 

NO 
-/RETURN) 

NUMB=NUMB-1 
WRITE DOT.TERM 

NUM(LM) = 

JJ»2-1 

J = J + I 

NO 

NO 

JX=CAT(LM)»1000 
-FLOAT (JZ)«100. 

FLOAT (JY)»10. 

LM = 26-I + 1 
JZ=CAT(LM).10. 

JY=CAT(LM)«100 
-FLOAT(JZ)»IO. 

1 = 1 + 1 
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In MATHNET, the error message refers to an Integer t and Is 
stated: 

"EXECUTION TERMINATED FOR REASON I" 

The following is a list of the possible integers and the errors they 
indIcate: 

a. I = 99. the number of stochastic outputs from node x 
(x is stated) is not correct - (NODIN) 

b. I = 3030. no Input rules were satisfied (RUNSYS) 

c. \  =   1210. I/I output is not correct (NODCHK) 

d. I = 1211. 1/1 output is not correct (NODCHK) 

e. I = 1212. preferred output is not correct (NODCHK) 

f. I = 100. probabilistic output node - wrong arc 
Iisted (NODIN) 

g. I = 69. probabilistic output node - wrong number of 
arcs stated (PTERN) 

h.  1=1.  probabilistic output node - no arc initiated 
(PROFTR) 

i.  I - 444.(6) number of iterations set is greater than 
1000 (SGRAPH). 

In RISCA, the errors which result in termination of the 
execution are printed as statements. 

The following Is a list of the RISCA error statements: 

a. ***ERR0R*** PROBABILISTIC OUTPUT NODE - WRONG NUMBER 
OF ARCS STATED***NODIN 

b. ***ERR0R***PR0BABILISTIC OUTPUT NODE - WRONG ARC 
LISTED*** NODIN 

c. ***ERROR***PROBABILISTIC OUTPUT NODE - NO ARC 
INITIATED***PROFIR 

d. ***ERR0R***N0 INPUT RULES WERE SAT ISFIED***RUNSYS 

e. ***ERR0R***C0ULD NOT DETERMINE TERMINAL N0DE***PTERM 

f. ***ERR0R***LLK AND LL MUST BE E0UAL***SGRAPH 
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g.  ***ERROR***NO TERMINAL NODES ARE PUNCHED TO PRINT 

h.  ***ERROR***CAN NOT FIND TERMINAL NODES FOR SCAN 

i.  ***ERROR***CHECK ALL ARC CARDS AT LEAST ONE SHOWS 
FIRST AND THIRD ARGUMENT EQUAL WHILE TIME DISTRIBUTION TYPE IS 
TRIANGULAR CHANGE TO CONSTANT. 

|33 Next page is blank, 





APPENDIX IV 

MATHNET OUTPUT FOR THE GOING TO WORK PROBLEM 

35       Next page is blank. 
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